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My name is Victoria Hampshire, VMD. Iam a veterinarian (Penn 88). Iam alsoa
Commander in the United States Public Health Service. Until January 7, 2005 I worked
as the sole Adverse Drug event Coordinator at the Center for Veterinary Medicine, the
smallest center of the US Food and Drug Administration. An organizational chart is here.

I have had é spotless government career; mostly at NIH until 1999 where I developed a
humane animal care program I have received nine public health service awards for
conduct that portrays consumer and taxpayer trust. I worked independently for one year

| between 2000 and 2001 and then joined the FDA as the Adverse Drug Event

Coordinator, Center for Veterinary Medicine. My most recent evaluation (December

~ 2004) is attached here. Iwas responsible for interacting with hundreds of bereaved pet

owners and for coordination of the review of thousands-of-adverse drug event reports

._through 6 separate safety reviewers at CVM between February 2003 and January 7,2005.

ProHeart 6 was a novel canine heartworm preventative delivered by 6-month injection at
the veterinary office. It was launched in June 2001. Between launch and recall, 5000 or
so adverse events were reported by Fort Dodge Animal Health (FDAH) to the FDA. This
drug was heavily marketed by FDAH as a “hook” to get owners back in the door twice a
year. Despite two label changes and two “Dear Dr. Letters” regarding safety issues, it
remained popular to veterinarians and the firm continued to promote its safety. It was
recalled at the request of Dr. Crawford and the CVM senior management team in
September 2004 because of ongoing safety issues.

A narrative of the findings at a recent VMAC meeting as well as the consumer opinion
on this drug can be located by going to http -/jwww.dogsadversereactions.com. Click on
the moxidectin 6 month injection link for news stories, the FDA and FDAH position
statements, presentations; The status at this stage is that the drug is voluntarily
withdrawn. Fort Dodge Animal Health is working with the FDA to provide additional
safety information.




Bet\:reen the recall bf ProHeart 6, I was the subject of a retaliatory conflict of interest
investigation requested by Lester Crawford through FDA internal affairs following
comphaints ky Wyeth (the parent company) CEO Robert Enser. Wyeth alleged that my
motive in assessing ProHeart 6 as unsafe was to make profits from the sales of
competition products through my prescribing account with an on-line veterinary
prescribing site I used for my disclosed and approved outside activities.

I was reassigned with no reason on January 7% 2005 (subsequently discovering the
reason was the conflict of interest allegation). This allegation was, in my humble
estimation a direct effort to minimize the impact of my presentation at the VMAC
meeting January 31, 2005. Thave also come to find out that Wyeth is persisting in
pressing Dr. Crawford for the outcome of the investigation so that they might use it in
future legal battles to try to salvage ProHeart 6. :

Background

Like most veterinarians working for CVM, I file outside activities for limited ventu'r_es in

" moonlighting in the Metropolitan Emergency Animal Clinic (MEAC) and consulting for

the Humane Society of the United States (HSUS). The forms are attached here, here and

here Idon’t try to make money but to keep my hand in the clinical and humane aspects
of my profession. Ialso have an outside activity that I file for a company I formed in
2000 (prior to employment with the FDA) called Advanced Veterinary Applications

~ which accommodates any other veterinary requesf such as house calls, relief work and -
prescribing for the limited number of clients, friends, family or work colleagues that ask
me for advise. So, in total, I normally file 3 outside activities each year. Sometimes I
even file additional ones for activities buried within these outside activities because I
think they could cause concem. Ihave always divulged everything that I can think of as
an outside interest. The most recent example was a talk in Philadelphia on lack of effect
heartworm pfoducts; a sticky issue for the center. Inever conduct business at work, I
don’t use government phones or computers for such activities. This was eventually
discovered by the agents who have been tracking me.

I was significantly involved in the review ProHeart 6 by Fort Dodge Animal Health
(FDAH); Animal Division of Wyeth Pharmaceuticals. 1 was also significantly involved



in the review of safety problems of the competitors’ drugs and fairly evaluated their
problems. Over the last 2 years in this job 1 have put in an average of 60 hours per week
looking at other drugs for safety problems as well; including 2 of 3 competitors of this
drug. ProHeart 6 was associated with over 5000 dog adverse events and 500 deaths
between 2001 and 2004. In or around February 2004 a large consumer watch group had
formed and initiated over 2 -dozen local and some national news stories. The group and
the stories can be found at the 6 month moxidectin link found on the website
http_://www.dogsadversereactions.com. I had significant and ordinary business contact
with hundreds of consumers who presented their cases to me over a 2-year period. Many
had emptied their savings accounts trying to save their dogs. In November of 2003 1
urged the product manager and team leader | ——
S cspectively) to take further action regarding this drug— refused -
and‘stated that the drug would go away on its own after enough animals died.
They were eventually given an award for pharmacovigilance just this past month. I was

not given any awards.

- The
Division Director Dr. Post, although in agreement with me, continued to tell me that he
had no control ove D and (ISP and that eventually they would come

around.

The consumer group continued to press CVM until July of 2004 Dr. Steve Vaughn, head
Office of New Drug Evaluation asked the question “when are we going to do anything?”.
~“There were over 26 national news stories about this drugs’ problems. By mid July it was
agreed that senior management (SMT) would listen to a presentation that I would make
regarding the unsafe nature of the drug. It was unanimously agreed that the drug was a
problem and should be recalled. The firm should be asked to conduct additional safety
studies. Dr. Sundlof, the CVM center director took the case to Dr. Lester Crawford with
a plan to ask Fort Dodge to voluntarily recall the drug in September. Dr. Crawford urged
him to step up the process because the fall heartworm test and prophylactic season was
approaching; more dogs would be exposed. A meeting was scheduled between Dr.
Sundlof, Dr. Post (my division director) and Tom Corcoran (FDAH president) on August
11,2004. 1 wason vacation at the time with my family. A copy of my slides from the
mid July presentation were given to Mr. Corcoran. The slides were in draft form.

On September 1 of 2004, in a meeting of top FDAH and FDA officials, I presented the
opinion that the drug was unsafe. My slide show is here. My father who livesin a
nearby town had died two nights before but I went ahead with the presentation because 1
did not feel anybody else knew the information and my mother wanted me to leave her
alone for a time in her garden.



My opinion was delivered in 15 minutes of what was supposed t0 have been an hour
long presentation after FDAH used 45 minutes of my time. It was based on the scientific
evaluation and synthesis of 7 different safety reviewers® evaluations of these events.
My supervisors (one Division Director, Two Office Directors and Senior Center
Management Staff (Center Director, Deputy Center Director, Associate Directors)
concurred. The Acting Commissioner and his Jegal counsel also concurred. ‘The
meeting was somewhat contentious. I interrupted the firm three times to correct their
statements that were distortions of my previous slides. After I was finally allowed to

ent, I did a reasonably good job of condensing an hour of information into 15 minutes
and SMT still believed the information warranted a recall of the product. Between
September 1 and September 3, I took some time t0 be with my mother but came into
work periodically to help prepare answers that were a result of last minute pleas from
FDAH to the Commissioner. The first was to try to state that another heartworm
¢ompdfitor (Revolution by Pfizer) had just as many adverse evénts. We had algeady
addrgssed thegadverse events with this drug in 2002 and they had been declining since
repackaging the dose form and warning veterinarians not to give the drug under certain
conditions. We had also 1€ uired Pfizer to conduct post approval studies because of
rising complaints regarding ineffectiveness. Additionally, two other competitors
(Sentinel and Interceptor!byNQVar&s)’ were the subject of an inspection for refusing to
turn over lack of effect complaints to CVM. 1 lead that inspection in January 2004. The
final competitor (Heartguard by Merial; animalzdivision of Merk) has had rising npumbers
of ineffectiveness reports in which the follow up and reporting was lacking in substance.
I have been responsible for communicating with this firm for improved follow up. We
explained all of this to Dr. Crawford and he concurred that we had been fair.
~ FDAH also took their case tq,the.FDA_thngCQuns“el Dan Troy and try t0 claim it was

not substantive. The response from Dan Troy was that CVM did not act rashly and he

believed he would uphold CVM’s recommendation. The firm voluntarily recalled the
drug on September 3,2004 on the condition that CVM would convene an outside panel
of experts as a veterinary medical advisory committee because they had concerns that the
- adverse experience information was misinterpreted. The press release from FDAH and

CVM are here and here.

Between September 3 and approximately November 1, I was told to work on a parrative
for the VMAC members. It was a lot of material on over 5000 reports. The VMAC
meeting was tentatively scheduled for mid January 2005 so that if the decision was in
favor of the drug, FDAH could make the spring heartworm season. Idid not think that
with finding the experts, clearing them through ethics, etc, that was enough time. I
decided to make an interactive CD like this one s0 that they could view as much
information as possible in what would be a short timeframe. I linked every statement t0
a data table or a full text document. There were over 300 data tables and 55 references
fully linked to a 97- page parrative containing highlighted case reports. It was extremely
transparent and easy t0 read. There was also an internal group of CVM experts to belp
prepare for the VMAC meeting. The VMAC meeting was finally scheduled for January



31,2005. I worked diligently to prepare for this event. Some of my colleagues did not
agree with a few of the more vague but increasing signs such as tumors and
cardiovascular events and asked me to re-evaluate those events. I did; taking into
account the majority opinion on some isolated and very difficult cases. I still believed the
events were possible given a review of the scientific literature.

In November I was told not to come to the weekly meetings, that the remainder of the
inside panel would review my work and verify it. Iagreed that wasa good idea; it should
be an agency document and I felt that I had prepared a robust document that could be
edited. I began to notice a cold shoulder treatment about that time and it intensified
through Christmas. Regardless, my Division Director Dr. Post continued to ask me for
information, data sets, etc because nobody was really taking the project to heart. Two of
the key members were out for over three weeks; one for a vacation and the other for
surgery. I recommended the government have more time. My managers felt that we
should try to stay with the January 31 meeting so that if the drug was found safe, FDAH
could benefit from sales during the early spring heartworm test/prophylaxis season.
Some of the other internal members decided to take out any information regarding
ineffectiveness complaints, blindness and neoplasia. I was also asked to help find
outside experts for the VMAC and provided names of consultants. What was eventually
delivered to the consultant and to the VMAC panel members was a dramatically
shortened document. No hyperlinks were available to data sets or full text articles and
they had less than a full week to review all of it.

On December 23 and 29" we had an outside consultant Dr. Judith Jones from the
Deggee Group in Arlington Virginia review the gist of the narrative. Despite its
shortened version, she thought it was very compelling and made several good

_ suggestions.

On January 7™ I was called to see the Deputy Director Dr. Linda Tollefson and the
Director Office Surveillance Compliance Dr. Daniel McChesney. Dr. Tollefson stated
that the reason I was there was that Wyeth had “pulled all plugs” at the level of the
commissioner. I was not permitted to know any further detail but said hopefully 1 would
be vindicated after the public meeting and that this reassignment was not punitive but
protective. I assumed the case was some allegation of bias. Dr. Tollefson stated that I
was to be reassigned to the FDA biologics facility in Bethesda. 1 protested and asked to
be reassigned to another office here at CVM. She called the Executive Officer David
Wardrop to see if we could work out a reassignment here at CVM in the same building.
While she was talking to Mr. Wardrop Dr. McChesney told me I should view my
circumstance as a police officer who had been placed on administrative leave after
shooting somebody in the line of duty. asked him what he meant by that and he said he
could not tell me. I told them that if the concern was possible allegations of bias I had
already volunteered to Dr. McChesney to stay home during the VMAC meeting, already
arranged with my colleague Dr. Margarita Brown to give the presentation to the VMAC,
and had not been going to the weekly internal meetings so as to prevent any weighted
input from myself. Idid not understand the rationale for a reassignment if T had already

stepped back.



They agreed to reassign me to the Office Level (one step up) under Dr. McChesney and
that I could write my own statement of duties focusing on other things I did This is an e-
mail from Dr. Tollefson (Deputy Center Director and also Deputy Surgeon General) the
day following this meeting. Oddly, when I was reassigned, I noted that David Wardrop,
the chief executive officer, directed Dr. McChesney that the reassignment be quick.
When I got the reassignment memo on the 12%, it was backdated to the 7% and directed
the reassignment effective the 10™. I later learned from an informant that Wyeth may
have threatened Dr. Crawford with either a news story, or something in the public
package if they did not have proof of my reassignment by the time the public package
was delivered. The public package from FDAH was due in to CVM on the 10th and was
delivered by hand from a FDAH representative that day. I suspect, but cannot confirm
that Wyeth attempted this by extortion; that they would either print a media scandal in
what they believed to be a conflict of interest story, or alter the public presentation with
the allegation of bias.

I then called David Graham at CDER and asked for his attorney’s name. That’s how I
got Tom Devine’s name. I also called Congressman Chris Van Hollen to tell him of the

reassignment. '

I'was afraid to talk to Senator Grassley because this drug firm is an Iowa company. Chris
Van Hollen asked his legislative affairs contact Phil Alperson to stay in touch with me.
Eventually he prepared a letter to the FDA Acting Commissioner which was sent on
January 28. A copy of that letter is here. I also filed a complaint with the OSC but
withdrew it on January 11 after reading in the Washington Post and in Mr. Devine’s book
that this may be a trap. I received confirmation from the OSC that the complaint had
__been withdrawn. | L

On Saturday January 30, I received a call from Dr. McChesney at home. He asked me to
help him with a media response if consumers asked where I was at the VMAC meeting. I
helped him with a response that said I was on vacation and had been reassigned to bigger
and better things. I also received calls from consumer groups who tracked me to home
to ask if I was all right. I told them I’d been reassigned and they are suspicious but I
asked them not to mention it at the VMAC meeting because I thought it might damage
the government and it was important for the government that the presentation be
objective.

On Monday January 31, the VMAC meeting proceeded. The website with the
presentations, the government’s case and Fort Dodge’s case is here.- The Government
prevailed by a narrow vote of 8 who said the drug was unsafe to 7 that said it was safe.
Of the 7 that said it was unsafe 5 apparently qualified their answer with great hesitancy.
Several voters stated that the government delivery was dispassionate. A transcript of the
meeting and the voters’ comments should be available shortly.

On about February 8™ I received an e-mail from the FDA Ethics Office asking why I had
not filed an outside activity for Advanced Veterinary Applications as I usually did. I

£l



returned a replay stating that I listed it on my financial disclosure because it was a
holding but I was not active in it. Ibad planned to close this company anyway after
March 2005 when the corporate returns were due. 1 was not aware that I needed to
renew an outside activity for an inactive activity but would if they wanted one. They
replied that I should £ill out one anyway. I filed one out that briefly described what I
would be doing if it was active and subsequently thought about whether since I had to file
on it, it might make sense to keep it open. 1 scheduled a meeting with my accountant to
pose these questions. lalso became suspicious and paranoid but I could not figure out
what might be going on because no moncy is made in this inactive activity and I disclose
it each year. 1routedit through Dr. McChesney who then took it to the agency contact
here Linda Callahan. E-mail traffic regarding my attempts to probe the establishment is
here. 1 felt the level of inspection and persons copied were unusual. Normally, my
superiors hardly look at these filings. I've never seen an Executive Officer copied. It
has even been the case that I initiated the filings in the past and was told nobody ever
reads them! had always filed, far back into my employment at NIH before coming to

FDA.

On February 11 I went to lunch with my colleague

N She told me that I should consider other
employment; my career here was on the line. When pressed to tell me why she said that
Fort Dodge Representatives had (sometime in November 2004) obtained information that
1 had the outside activity Advanced Veterinary Applications. We think they did this by
obtaining my curriculum vitae through a reporter who was doing a dummy story on
women veterinarians in government and had asked for an interview with me only three
weeks after the recall. We have pretty good evidence that

misrepresented himself in order to obtain this information. Througha web search,
Wyeth also determined that 1 had a prescribing account with a commonly used service

-

called Vetcentric and made the allegation that because I had this prescribing account I
was biased and stood to gain from the sale of prescription competitors (monthly oral dog
heartworm products). They had threatened a media scandal if I was not removed from
the case of ProHeart 6 by January 7 (a Friday).

:d not tell me any more about who might be investigating me or anything.
She made me promise not {0 tell she’d revealed this information to be because it was
leaked to her by - and they could both loose their jobs. 1'was
panicked. By this time it was nearing the end of Friday. Dr. McChesney was not around.
I found my outside activity waiting in a pile of things Dr. Sundlof had to sign and
detailed the vendors I used for my outside activity (a level of detail that was new and
unusual). 1did this because I was not certain that it would be obvious to a non-
veterinarian that vets require presc ibing privileges with veterinary pharmacies and
because I believed that they bad intent to barm me by trumping up the interest in this
disclosed and inactive activity. 1 was under the impression that Dr. McChesney was no

longer at work and that David Wardrop had not yet seen it. 1did not want to reveal the
reason for why I detailed this because 1 did not want (S ENEERto be fired.



I asked David Wardrop to call me with any questions- He pretended he had not reviewed
my outside activity as rewritten. A copy of that e-mail correspondence is here.

The Vetcentric prescribing account is a veterinary service I barely use. You can read
about it here. Veterinarians who have small numbers of clients or practice on a limited
basis like it because it saves them having to have overhead and they can choose to mark
up the prescription with a margin. Iusually don’t. At the most I charge $5.00 to write a
prescription to cover my time. I have a total of around 20 or so clients; most are family,
teachers, friends or former clients. Most of the time when they need something I make
them meet me at the Emergency Clinic where I work every other Saturday night.
Sometimes I don’t even open the envelope from Vetcentric and have accidentally thrown
away or failed to cash checks. Ihad notbeen active in any of my outside activities since
October 2004 and had a few phone calls I dismissed at the time as persistent people
trying to get me 10 write a prescription for heartworm products. These occurred
sometime in the fall 2004. It was later revealed to be by inspector McCormack on
February 24, 2005 that these were FDAH imposters and themselves trying to se€ if I
would dispense heartworm prescription products without a valid veterinary client

relationship.

Over the weekend between February 11 and February 15, I contacted Vetcentric. ] asked
the business manager Micheal Fox if he could send me my account information, whether
there had been any illegal activity on it, etc. He mailed me the account activity. Itis
here. Pages 1-2are the detailed client reports for activity between opening the
prescribing account in 2001 and the last sale in 2004. 1received iton Monday the 14® of
February 2005. I noticed immediately a one Tom O’Hare (page 2) had purchased
_roughly $3000.00 of over the counter supplies on October 15, 2004. 1 had not opened
any mail and/or thrown away the Vetcentric mailings because I expected not to have any
checks in them and don’t want to see the promotional material. 1asked Mr. Foxto close
the account and if he could tell me where Mr. Tom O’Hare ordered from. He gave me
the address and phone number registered for the sale and stated the man lived in
Copiague, New York. Ipulledupa background check for $69.00 on the web. It is here.
I determined that Mr. O’Hare lived in a row bouse somewhere near New York City and
imagined that he was probably a hired thug by Wyeth who tried to penetrate my account
to buy heartworm products. I dismissed this as paranoia but later learned it was true.
Since I would not ok & prescription for him he did the next best thing and bought over the
counter products. Mr. Fox said that Vetcentric had mailed me a check for something like
$600.00 as a margin on the purchase but I’d never cashed it. I presumed I threw it out
thinking it was junk mail and asked Mr. Fox not to send another one.

On February 24, 20051 received an e-mail from Mr. Mark McCormack telling me he
needed to speak with me at 9:30AM on 2/25/05. That e-mail is here. I called Mr.
McCormack to see if I could come at 1:30PM on 2/24/05 and he said yes. 1droveto 1
Church Street Rockville. Mr. McCormack introduced himself and his colleague Mr.
Micheal Redmond and told me this was pot a criminal investigation and that “the DA has



declined to prosecute you”. I was shown into a small room with a round table and we sat
down. 1 was asked if he was treating me all right and whether or not I needed to go to the
bathroom or needed anything to drink. I said I was fine. Mr. McCormack stated that the
reason I was there was that the District Attorney had declined to prosecute me for
criminal charges of conflict of interest and they wanted to get a statement from me
regarding the events surrounding my outside activities before they finished their report.
They showed me their badges. Mr. McCormack told me that he was an ex-Secret Service
investigator who had taken his present job with FDA internal affairs. Mr. Redmond told
me he was an ex military intelligence officer doing the same. They told me a history
starting with the fact that Wyeth had hired a thug to penetrate my account and order over
the counter supplies in order to prove to Dr. Crawford and FDA legal counsel that I had
the activity. Since the activity was disclosed as a veterinary reliefand
moonlighting/consulting, it was not immediately obvious to the inspectors thatit was a
prescribing account. Wyeth had initially made the allegation that it was a partnership
with Vetcentric and that I had motive to gain sales in monthly heartworm products by
shutting down their injectable product. Mr. Redmond and McCormack had tapped my
phone, computer and obtained corporate records between November 2004 and February
2005. They had determined that most of my clients were old friends, neighbors and a few
work colleagues or family. They determined I made no money in my inactive disclosed
business. They had tested me by trying to order prescription products without a valid
veterinary client relationship and I passed. I was not guilty of misuse of government
equipment or of conducting business on government time.

They then asked me why I changed my outside activity between February 8" and
February 11™ and whether I intended to deceive my leadership? I stated that I was
panicked and changed it because I was under the understanding that I would loose my job
__if1did not disclose every detail of my clinical activities in this disclosed inactive activity.
That I thought somebody inside CVM might be trying to trump it up as something
substantive when it was not and that I had promised not to reveal the leak from Linda
Grassie and I was afraid that if I did, they would try to fire or discipline her. Ialso told
them I had become suspicious and paranoid that somebody inside FDA might be trying to
frame me and that Dr. McChesney was someone I did not trust because he had already
told me I didn’t need a lawyer and was not in the habit of directly answering my e-mail. I
was under the impression from David Wardrop he had not reviewed the outside activity
but had come to learn he had. Linda Callahan was only a conduit for outside activities to
the FDA ethics office and atop that they had lost my last outside activity because it was
stuck on Dr. Sundlof’s desk whereupon the secretary told me “they never read them
anyway”. Mr. Redmond then smacked his cheeks in disbelief. Mr McCormack rolled his
eyes. I repeated that my intent in the paranoid frame of mind I was in was to clarify, not
conceal. Mr. Redmond said he saw my changing my outside activities without telling
Dr. McChesney about it was an integrity problem. If it were he in my boss’s shoes, he
would have my uniform. I repeated my intent was to clarify, not conceal and that I had
repeatedly sent e-mails to my superiors asking them if they required clarification,
whether I needed waivers, etc. They had shut me out. I believed at the time they were
trying to entrap me for something I did not do. I reminded him that it was late on Friday
the 11" when I made the change and by Monday I knew I had been framed by FDAH and



that I didn’t know if I could ever get past seeing a FDAH or work colleagues as a threat
to me or my family. They asked me again why I did not renew the outside activity for
AVA by December 31 when it was due and I repeated that I had planned to close it after
the corporate returns were due in March 2005, that as far as I knew, it was inactive
(because I did not know about Wyeth’s activities at the time) and therefore did not
require an HHS 520. Iunderscored that I did list the company as a holding on my
financial disclosure which I filed in November 2004. 1t old them that I had discussed all
of this with Chris Van Hollen. They asked if I had called off the congressman and I said
yes, once I knew what the reason for the reassignment was I wrote Chris VanHollen and
told him that it had occurred over a perceived conflict of interest. They asked me
whether once I found out on February 11th why I was reassigned on January 72 did I let

 the congressman know that I had been told by an informant why and I said yes. Mr.
McCormack and Mr. Redmond thanked me for telling them the truth. I told him I blamed
my self for not thinking in the fame of mind a drug company might think and I was sorry
it had brought so much unnecessary attention upon the agency

Mr. McCormack asked me to write a statement of the events we discussed and to sign it.
When I was done he asked me if I was all right and whether he had treated me ok. Itold
him I was a bit upset that nobody asked me in the first place what this outside activity
was about and how the prescribing function worked. I could have given him the
vetcentric account activity and corporate records in 30 minutes. I told him it was
demoralizing, that I’d never been in trouble in my life and that I did not feel I should
have to go through something like this for doing the right thing for consumers and the
agency. The attached documents represent the inspector’s credentials, the statement I
signed and the Kalkine’s Rights that I signed. They are here.

___Mr. McCormack and Mr. Redmond thanked me for telling the truth and showed me to the
door. They asked me again if they had treated me alright and 1 sald yes

On February 28™ I called Mr. McCormack because I oould not find my copy of the
Kalkine’s Rights. I got his voice mail. Before long I found them between the car seat. 1
called him back and he answered. He asked me how I was and I said I had not slept
much and that I was still scared. He told me to try not to worry, his report was nearly
finished and if he had any further questions he would call me back.

On February 28™ I also wrote Dr. Linda Tollefson. Itold her everything that happened
on 2/24/05, repeated that I was not a liar or a criminal and asked for her assistance in
gaining new employment. I also told her that if necessary I would help prepare any
media answers to state the truth about this disclosed holding, the total amount of work

“done with it over the last 3 years, etc. She has never responded. I have not been given
any form of apology or reinstatement in my old job. No explanation for my sudden
reassignment has been given to my colleagues or the consumers. I have located a detail
in another area of FDA to try to improve my self esteem and do meaningful work as well
as to avoid further adverse actions from my organization. I am very scared.



At this point I believe my PHS commission may be at s‘tgz. My colleagues are afraid to
touch FDAH or take any future severe regulatory action against a regulated entity for fear
there will be personal attacks. '

I have taken a 120 detail at CDRH to work on cardiovascular device approvals. It also
has some hurdles to cross as my husband is a scientist in cardiovascular research at NIH
and signs CRADAS (cooperative research agreements between NIH and industry). We
have a meeting scheduled next week to work with NIH and FDA ethics on the best way
to protect myself in this detail. My past veterinary support activities of animal studies at
NIH will come in useful for this work, I believe the people in this particular branch are
 first rate and kind and that I will enjoy it. If1 have not knowingly committed any
crimes, I wish to stay with meaningful work; preferably away from what I believe to be
an unsafe work environment in FDA. I am under the understanding from David
Wardrop that Wyeth CEOs and GC continue to press Dr. Crawford for the outcome of his
investigation into my activities and that they may try to harm me in the future.

I do not believe that my center staff became ugly to me until whatever happened with Dr.
Crawford, his GC and the Wyeth GC met. I wish to know what Wyeth threatened him
with and why he chose a full criminal investigation over picking up the phone and calling
me. They had no reason to distrust me and had considered me an outstanding and
valuable employee until then. I wish for them to ensure that my achievement award
(which was put in the system last fall) is given to me and that some thanks for the work
on ProHeart 6 safety is given minimally to my colleagues (all 6 of them) in the safety
office. i ’

- Lastly, I wish to know if the action that Wyeth took to hire Mr, Tom O’Hare of
Copiague, NY to knowingly and fraudulently purchase over the counter supplies from my
disclosed and otherwise nearly quiescent account represents fraud and racketeering
against a government safety officer and whether I have any recourse for the damage it has
created to my person. p

I realize that you may not be able to answer many of these questions but I want you to
know how awful and sinister and unfair this situation is. I did the right thing for the
American people and I did an outstanding _]Ob f_'or} the agency.

Victoria Hampshire, VMD
4-11-05
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Food and Drug Administration
Office of Internal Affairs (HFH-560)
One Church Street, Suite 700 -
Rockville, Maryland 20850

February 23 , 2005

Mr. Steven M. Dunne

Assistant United States Attomey
District of Maryland

400 U.S. Courthouse

6500 Cherrywood Lane
Greenbelt, Maryland 20770

Dear AUSA Dunne:

In November of 2004, the CEO of Wyeth Pharmaceuticals presented information to Dr. Lester
Crawford, FDA Commissioner, which appeared to indicate FDA employee Victoria Hampshire,
DVM, Senior Regulatory Staff, Genter for Veterinary Medicine (CVM), (the subject in this case)
was operating an Internet pharmacy for animal drugs and other products; a conflict of interest.

Independent investigation by Criminal Investigators from FDA'’s Office of Internal Affairs (OIA)
corroborated the information provided by Wyeth. The subject is the listed owner and sole - X
proprietor of a web site known as Advanced Veterinary Applications, which was incorporated in
November of 2000. The subject's EOD date with the FDA is 10/21/02.

As one of her duties at the FDA, Dr. Hampshire was compiling Adverse Event Reports (AERS) for
Pro Heart 6, a reportedly very profitable canine medication for heartworm prevention. Pro Heart 6
is administered by injection by veterinarians. Pro Heart 6 is manufactured by Fort Dodge Animal
Health, which is a wholly owned division of Wyeth Pharmaceuticals.

By September 2004, Dr. Hampshire had compiled in excess of 5,000 AERS, including reports of .
500 canine deaths, involving Pro Heart 6. Officials from CVM met with representatives from Fort
Dodge Animal Health, who voluntarily agreed to remove Pro Heart 6 from the market.

Officials frem Fort Dodge Animal Health conducted a Google search of Victoria Hampshire, and
discovered her web site. Fort Dodge Animal Health has since taken the position that the subject
“has a conflict of interest regarding her involvement in the Pro Heart 6 issue.

Through the web portal of Advanced Veterinary Applications (AVA), the subject also advertises
heartworm medications which compete with Pro Heart 6. An agent acting on behalf of Fort Dodge
Animal Health had two orders filled through AVA. Wyeth also pointed out that the subject is also
quoted by animal activists on the web as allegedly making derogatory comments against Pro Heart -

6 (hearsay).
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Since discovering the existence of the subject’s web site Fort Dodge Animal Health ha_s taken the
. position that Pro Heart 6 is both a safe and effective drug and requested a Public Advisory
Meeting, which took place on 1/31/05. In an 8-7 vote the Public Advisory Group ruled against Pro

Heart 6. Fort Dodge Animal Health has vowed to continue its fight.

When an order is placed through the subject’s web site it is actually filled by a firm named Vet
Centric which fills and ships the order. Vet Centric, a third party fulfillment house, is located in
Annapolis, MD. An FDA Office of Criminal Investigations Intelligence Research Specialist found no
- evidence of a Nexus between Dr. Hampshire (the subject) and Vet Centric. :

HHS/OIG joined in this investigation and served an administrative subpoéna on Vet Centric.

Generally the subject receives only $5.00 for each order filled by Vet Centric. Between her EOD of -
10/21/02 and the present the subject has received approximately $ 774.55 from Vet Centric for
orders filled; of which $472.57 was paid to her in November of 2004, from the second order placed
by the agent for Fort Dodge Animal Health to cement their Conflict of Interest Allegation. In this
regard it is the opinion of the investigating agent that although the dollar amount may seem
minimal, as an employee of the FDA, the subject has a grave and continuing conflict of interest.

- Per Ms. Jenny Slaughter, Director, FDA Office of Ethics, the subject would need approval for any

outside activity from her EOD date with the FDA. On her OGE 450 (Confidential Financial
Disclosure Report) dated 3/10/03, under Part 3: Outside Positions, the subject lists AVA
Consulting, and describes the activity as Consulting (not a web site or portal to order veterinary
medicines). That OGE 450 expired on 7/1/2003

On her next OGE 450, dated 11/03/04, the subject lists Director, Advanced Veterinary Applications
(AVA) for income from the Humane Society of the United States. Under “Type of Organization” the
subject typed “Clinical Care and consulting,” (not a web site or portal to order veterinary -
medlcmes)

On 1/6/05, the facts of this case were presented to officials at the CVM. On 1/7/05, CYM officials
advised the Office of Internal Affairs that Dr. Hampshire was being immediately reassigned and
recused from any involvement in the Pro Heart 6 issue.

A download from an FDA server of the subject’s FDA issued PC was conducted. There was no
inappropriate email or internet activity (i.e. the subject does not appear to be running her website
on a U.S. Government time).

At the request of OIA, the Office of Ethics requested the subject to update her OGE 450 and

HHS 520-1. In her response the subject lists AVA (Advanced Veterinary Applications) on her OGE
450 and on her HHS-5201-1 under the additional comments page she writes in part “this is a
consulting company for the development of humane scoring paradigms (pain and distress).” _
Examples include a request from NAS to evaluate animal care at the National Zoo. No mention is

made of an internet pharmacy.
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At some time during the sign-off process of this paperwork at the Center for Veterinary Medicine
the subject asked for her paperwork back to make a copy. It was later determined that the original
HHS520-1 was removed and different HHS-520-1 had been substituted. For the first time since her
employment at the FDA the subject mentions a home business pharmacy for friends and family.
(Possible 18USC1001). : ‘

There is no evidence to suggest the subject committed any fraud when compiling Adverse Event
Reports for Pro Heart 6. ’

This synopsis is being presented for consideration of potential violations of the Ethics in
Govemnment Act (18USC208, 209, or 5USC App. 501, 502, 101) and 18USC 1001.

If additional information is required, please contact me at (301) 827-0243.

Sincerely,

ek E ol .

Mark S. McCormack
Senior Special Agent
FDA/Office of Internal Affairs

ccC:

Chron

Case File
Case Agent
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EXECUTIVE SUMMARY

Canine heartworm infection (Dirofilaria immitis) occurs in many parts of the world, including all
50 states in the US. Despite widespread availability of monthly heartworm preventatives, the
infection rate in the US increased in the 1990s, and use of heartworm preventatives declined.
Surveys have shown that compliance (i.e., reliable monthly treatments by owne'rs)’ is
problematical and a limiting factor in the control of heartworm in the dog population.

The active ingredient in ProHeart® 6 is moxidectin, a macrocyclic lactone. Moxidectin has been
thoroughly evaluated to determine its toxicological and metabolic properties in multiple animal
species and is approved as an anthelmintic agent for use in cattle, sheep, swine, dogs,and horses,
in 70 countries. ProHeart 6 has been carefully evaluated for the treatment of heartworms and
hookworms in dogs. In registration studies sponsored by Fort Dodge Animal Health (FDAH) (a
Division of Wyeth), the product has been demonstrated to be safe and efficacious. Further, it
appears to be well tolerated in canine breeds that do not tolerate some of the monthly products.

In June 2001, Proheart 6 (moxidectin) was approved and launched in the US by FDAH to
prevent canine heartworm disease for 6 months, and to treat existing larval and adult stages of
the canine hookworm. Since then, the product has also been registered in Italy, Canada, Japan,
France, Greece, Portugal, Spain, and Korea. A similar product, ProHeart SR12, which contains
approximately 3 times the amount of moxidectin as ProHeart 6, is registered and marketed in
Australia since October 2000.

Among heartworm preventative medications for dogs, ProHeart 6 is an innovative product.
Unlike conventional products that require monthly dosing for a minimum of 1 month prior to
‘mosquito exposure through 1 month after mosquito exposure, in order to achieve protection
against heartworm infection over a mosquito-infestation season, 1 injection of ProHeart 6
(moxidectin) sustained-release product provides 6 months of protection. ProHeart 6 was
specifically developed to overcome field efficacy problems that result from poor compliance
with monthly treatments. The introduction of ProHeart 6 provided an avenue for continuous

protection against heartworm infection.

5 Fort Dodge Animal Health
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Shortly after launch of ProHeart 6, FDAH received a number of reports of allergic-type reactions -
after administration. The reactions ranged from mild and self-limiting to severe anaphylactoid
reactions. Product analysis of minor component profiles between batches of ProHeart 6 revealed
a trend to lower reactions for lots with no detectable residual solvents. At this time, FDAH was
continuing to optimize the manufacturing process. As part of this process, the decision was

made that all ProHeart products would be produced from moxidectin technical material withno .
detectable solvents. After the manufacturing change was implemented, there was a decline in the
adverse-event reporting rate from all markets. :

Since the launch of the product, FDA expressed concern about the number and seriousness of
adverse event reports (AERs). - The vast majority of the AERs were submitted by FDAH based
on field reports from veterinarians and dog owners. The reports were submitted under. .
mandatory reporting regulations without assessment of the likelihood of association of the AER
with Proheart 6 administration. As a result of FDA’s concern, FDAH has made revisions to the
product label and issued “Dear Doctor” letters. On September 3, 2004, based on continued FDA
concerns, FDAH agreed to voluntarily recall the product from the U.S. market. The recall
prompted regulatory authorities in Canada, Australia, Japan and Europe to further review the
safety of ProHeart 6. These authorities have allowed continued marketing of all FDAH
moxidectin products for canine heartworm control. '

FDAH’s postmarketing surveillance and analysis of AERs from June 2001 thfough August 2004
show the number of these AERs were generally decreasing. The peak of AERs in the second
quarter of each year corresponds to peak-use periods and also appear to be decreasing over time.
Analysis of AERs for ProHeart 6 by category show that the occurrence of injection-site reports
remained low and consistent with other ihjectable products in the FDAH database. Allergy
AERs trended down over time at 1.26 per 10,000 doses. Non-allergy AERs were low and
consistent over time at 1.19 per 10,000 doses (neurologic at 0.12 per 10,000 doses; hematologic
at 0.09 per 10,000 doses; hepatic 0.07 per 10,000 doses; cardiac at 0.02 per 10,000 doses;
neoplasia at 0.06 per 10,000 doses). When taken in context with usaige, the overall rate for AERs
was low and trending down over time, up to the point of the recall.

6 Fort Dodge Animal Health
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FDAH recently sponsored a study of the safety of ProHeart 6 use in general véterinary practicAe
and a comparison to the monthly oral products. The study utilized a database covering 403
full-service veterinary hospitals in 42 states and did not rely on voluntary reporting. The review
evaluated approximately 7 million canine office visits with an emphasis on comparison of

_heartworm product safety with and without concomitant vaccine administration. - Overall, the

| safety profile of ProHeart was similar to that of 2 commonly used monthly oral products. Many
of the adverse events could be attributed to concomitant vaccine administration. The results of
the study provide no support for the withdrawal of ProHeart 6 from the market. /

In conclusion, FDAH has performed additional research and further evaluation of the ProHeart 6

database to add to the extensive safety and toxicology database for moxidectin and formulated *

products. These evaluations provide additional support for the safety and efficacy of the product ;

and were conducted to address questlons raised by FDA. -

7 Fort Dodge Animal Health
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1.0 INTRODUCTION

Moxidectin is a semi-synthetic methoxime derivative of nemadectm that i isa fermentation
product of Streptomyces cyaneogriseus subspemes noncyanogenus Itisa pentacychc 16-
membered lactone macrolide. Moxrdectm is hcensed and marketed worldw1de by Fort Dodge
Animal Health (FDAH) (a Division of Wyeth) as an anthelmmtrc agent that causes the paralysis
and death of affected parasites in cattle, sheep, swme, horses and dogs. It is currently being
developed in a collaboration between Wyeth and the World Health Orgamzatron (WHO) for
humans with onchocerciasis (rrver bhndness) a dlsease caused by mfectron wrth the tissue

filarial nematode Onchocerca voIvulus V

ProHeart® 6 (mox1dect1n) was approved in the US and launched by FDAH in June 2001, to
prevent canme heartworm (Dzrof laria zmmms) drsease for 6 months and to treat existing larval
and adult stages of the canine hookworms (Ancylostoma canmum and Uncinaria stenocephala)
Since then, this product has also been regrstered in Italy, Canada Japan France Greece,
Portugal, Spain, and Korea. A srmllar product ProHeart SR 12, which contains approximately
3 times the amount of moxrdectln as ProHeart 6 and provrdes 12 months of protectlon is

reglstered and marketed in Australia since October 2000

Among heartworm preventative medications for dogs, ProHeart 6 1s an innovative product.
Unlike conventional oral tablets or toplcal apphcatrons that requrre monthly dosing for a
minimum of 1 month prior to mosqulto exposure through 1 month after mosquito exposure, in
order to achieve protection against heartworm infection over a mosqulto -infestation season, 1
subcutaneous (SC) mjectlon of ProHeart 6 (moxrdectm) sustained-release product provides
sustained 6-month protectlon The smgle admmrstratron of ProHeart 6 fora 6-month period of
protection eliminates the possibility of the pet owner mlssmg 1 or more monthly doses, which is
the primary cause of lack of efficacy associated with these heartworm medrcatrons.

ProHeart 6 has been well received by veterinary professionals and dog owners as evidenced by
its increasing market share in major markets since launch. By the third quarter of 2004, ProHeart
6 was the number two product in the US with a 24% market share. In Italy, it is expected to

8 Fort Dodge Animal Health
A Division of Wyeth



ProHeart® 6 (moxidectin)  January 2005

achieve a 35% share by the end of 2004. ProHeart SR 12 is the market leader in Australia,
presently with a 47% share.

Subsequent to the product approval in June 2001, the FDA Center for Veterinary Medicine
(CVM) raised concerns over the number of reports of adverse events associated with ProHeart
6. Further concern was raised that “many of the reports recerved have involved serrous hfe-
threatenmg adverse events such as anaphylaxrs convulsrons, hematopoetlc disorders, ‘
hepatopathres” and also “neurologlc problems and unusual cardlac signs. » It was also stated that
“Pet owners should be adv1sed on approprrate alternatlve heartworm preventatlves for therr .
dogs.” FDA requested “that the firm continue to conduct research to determine the cause of

P

related adverse reactions....before the product is marketed again.”

On September 3,2004, FDAH announced that it was voluntarlly ceasing productlon for the US
market and recalhng ProHeart 6 from the US market unt11 resolutron of FDA safety concerns,
based on reports of adverse events Desprte the voluntary recall F DAH maintains that ProHeart
6 is safe and efﬁcacrous with acceptable field performance Regulatory authorities in Canada,
Australia, Japan, and Europe have allowed contmued marketmg of the FDAH moxidectin
products for heartworm. FDAH supports the F DA formation of an mdependent Advisory Panel
to review safety data on ProHeart 6. In order to prov1de the Advrsory Panel with extensive
analyses of available scientific data on ProHeart 6, FDAH sought assistance from mdependent
experts. As requested by the FDA additional research has been conducted to better define the
adverse reactions. FDAH antlcrpates that comprehenswe rev1ew of available ProHeart 6 data by '
the Advxsory Panel will satlsfactorrly resolve FDA safety concems ‘ ’ |

Careful evaluation of the nature and tlmlng of the AERs 1dent1ﬁed that allergy-based signs. could "
be attributed to treatment and occurred shortly after treatment The true incidence of allergic .
events to ProHeart6 is confounded because many dogs recerve concurrent vaccinations. These
are recognized to trigger allergic manifestations. A range of commonly occurring disease
conditions that affect dogs is also seen in the AERs. These appear to represent baseline

occurrence of these conditions in the canine population.
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p

The purpose of this document is to present an overview of moxidectin and ProHeart 6
information from non-clinical studies, clinical trials, adverse event reporting, and analysis of
safety and efficacy data for review by the Advisory Panel. This information includes new data
on pharmacokinetics, new pharmacological investigations, new evaluation of adverse event
findings, and epidemiological mformatlon from 7.0 million canine visits to vetermary clinics.
FDAH is confident that the new research and re-evaluation of previous data support the safety
and efficacy of ProHeart 6 and looks forward to returning this product to the market.

10 Fort Dodge Animal Health
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2.0 REVIEW OF HEARTWORM IN DOGS

2.1 Life Cycle of Dog Heartworm (Dirofilaria immitis)

January 2005

The life cycle of the dog heartworm can be described in 3 stages as shown.

Figu‘r/e' 2.1-1. Life Cycle of Dbg Heartworm
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Stage 1: Adult female worms release tiny immature heartworms called microfilariae into the
bloodstream of the infected dog. Adult worms are reported to live for 2 to 7 years.

Stage 2: The infection is spread from dog to dog by mosquitoes. When a mosquito bites an
infected dog and feeds on blood, it takes in some of these microfilariae. Within 2 to 3 weeks,
these microfilariae will develop into a stage which can infect other dogs when they are bitten by

the same mosquito as it feeds.
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Stage 3: Following infection, the immature stages grow and develop over 2 to 3 months in the
subcutaneous (SC) tissues, muscle, and fatty tissues of the dog. They then migrate, and from 70
to 120 days post infection, stages of heartworm may be found in the heart or pulmonary rartery.
These develop into adult heartworms which are long slender roundworms, normally Iiving in the
right side of the heart and nearby blood vessels. The worms may be up to 35°.cm in length when.
mature %3 ‘

Mature female Dirofilaria immitis begin releasing microfilariae into the blood stream some
6 to 7 months after infection, thus completing the lifecycle.

Heartworm preventative products exert their effect at Stage 3, the tissue migrating stage.

Heartworm tests rely on detection of the parasite either at Stage 2, by detection of circulating
microfilariae, or at Stage 3, by detection of female heartworm antigen. Heartworm antigen tests
are not positive until the infection is at least 5 months old, they are inconsistently positive at 5 to
7 months, and are not considered to be reliably didgnosﬁc until the infection (with female worms’
present) is at least 8 months old. These tests are highly sensitive and specific. If clinical signs
raise any doubt about the accuracy of the particular test result, the test should be repeated,

preferably with a different test kit or laboratory.*

2.2  Heartworm Disease in Dogs

Many dogs may be infected for several months with Dirofilaria immitis without showing clinical
signs. This is particularly true for inactive dogs. However, immature worms in the pulmonary
artery can initiate disease as early as 3 months after infection.” Adult worms in the heart cause _
inflammation of the heart lining and valves, and can eventually lead to heart failure. The effect
on blood flow can lead to problems in other organs, particularly lungs and kidneys.

It can be difficult to know that a dog is affected in all stages of the disease because symptoms
may be slight. The dog may only be listless and tire easily. Performance in working dogs may
be affected. As the disease progresses, there may be cough, loss of condition, and build-up of

fluid in the abdomen. Severely affected dogs may die.

12 Fort Dodge Animal Health
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Treatment of the disease can be risky, and early detection before chronic damage occurs to heart
and lungs is important. This is because thromboembolic complications may occur, particularly
in heavily infected dogs with puhnonary arterial vascular obstruction, and especially if
congestive heart failure is present. The approved adulticide treatment is melarsomine, trade
name Immiticide, an arsenical compound. While melarsomine is less toxic and more effective
than its predecessor, thiacetarsamide, it is administered as a deep intramuscular injection into the
lumbar muscles to reduce swelling and soreness at the injection site. Pulmonary thrombo-
embolism and/or shock may occur following adulticide treatment even in symptomless dogs.
Exercise restriction during the recovery period (weeks) is essential to minimize cardiopulmonary
complications. Off label use of ivermectin for this purpose has been reported, but is not
recommended because of progression of heartworm disease in the treated dogs.®

2.3  Canine Heartworm Epidemiology in the US

Heartworm infection in dogs hzi-s been diagnosed in many parts of the world, including all 50
states of the United States. While heartworm is considered endemic in the 48 co_ntiguo.us states
and Hawaii, transmission has not been documented in Alaska, even though there has been
importation of infected dogs. It is likely that the climate is not conducive to the maturation of
infective larvae. Adequate temperature and humidity are required both to support a suitable
mosquito population and also to provide sufficient heat for maturation to the infective larval
stage (Ls). Laboratory studies indicate that at 80°F, 10 to 14 days are required for maturation to
infective stage, this period is longer at lower temperatures or where SIgmﬁcant diurnal

temperature fluctuation occurs.?

Therefore, the length of the heartworm transmission season varies with geographical location
and climatic factors. The peak months for heartworm transmission in the northern hemisphere -
are July and August. Estimates of the duration of the transmission season vary from less than 4
months in Southern Canada to essentially all year in sub-tropical areas such as Florida and the
Gulf Coast. It is believed that transmissi/on occurs for 6 months or less above the 37" parallel.

The prevalence of heartworm in dogs varies from state to state, with higher infection rates in

“ southern states, and particularly higher along the Mississippi and Ohio rivers. The number of
adult heartworms present in infected dogs has been reported to be lower in the North (Michigan)
than in the South.” A survey undertaken by the American Heartworm Society in 2001, published

13 Fort Dodge Animal Health
A Division of Wyeth



ProHeart® 6 (moxidectin) - January 2005

in 2002 reported the highest infection rates in Texas, followed by Florida, Louisiana, North
Carolina, Georgia, M1551ssrpp1 Tennessee, South Carolina, Alabama, and Indiana. Of srgmficant
veterinary concern, the survey reported that desprte the w1despread availability of monthly
heartworm preventatives, the rates of infection with heartworm had not decreased over the
previous 10 years.>*® For further information see Section 4.5.

)

For the past 2 decades, heartworm prevention relied on monthly administration of macrocyclic
lactones, sometimes in combination with other active mgredrents to treat other parasites.
Commonly ‘used products include ivermectin, milbemycin 6xime, and selamectin. Combination
products include ivermectin plus pyrantel (for roundworm control) and generics, and milbemycin :
oxime plus lufenuron (for flea confrol). For dogs that suffered toxic effects from these '
compounds, the only alternative available was daily treatment with diethyl carbamazine.

The introduction of ProHeart 6 in the US in the second half of 2001 provided 6 months of
continuous protectron against heartworm infection without havmg to rely on monthly treatment

by the dogs® owners, a major source of lack of efﬁcacy

3.0 MOXIDECTIN OVERVIEW

3.1  Pharmacology — Mechanism of Action

Moxidectin has been shown to have activity at the y-aminobutyric acid (GABA)-A receptor-
chloride channel complex resulting in an influx of chloride ions and hyperpo]arization of cell
~membranes. Hyperpolarization causes the nerve fibers to be less er(citatory and results in
paralysis and death of the parasitic organism. Another proposed mechanism of action for
moxidectin is through activity at glutamate-gated chloride ion channels. The specificity of
moxidectin for the parasite versus the mammalian host results from 1) a low affinity for
mammalian GABA-gated chloride channels, and 2) GABA-containing neurons and receptors are
found in mammals in the central nervous system, whereas in arthropods and nematodes these are
found in the neuromuscular junctions of the peripheral nervous system and thus are more

accessible to a blood-borne therapeutic.
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In dogs, the approved oral monthly dosage of mox1dect1n for preventlon of heartworm is
3 ng/kg; the approved SC dosage of mox1dect1n as ProHeart 6i is 0.17 mg/kg admlnlstered every ,
6 months. In this and the sections that follow, dosages of Pr_oHeart 6 or moxidectin expressed as

mg/kg refer to mg of moxidectin per kg of animal body weight.

3.2 Pharmacokmetlcs and Drug Metabollsm ‘: o _

Studies were conducted in varrous ammal spec1es to‘characterlze the absorptlon, dlstrlbutlon _
metabolism, and excretion of moxidectin aﬁer oral administration. Moxidectin was moderately
absorbed with a bioavailability of 19% in rats, and had a long serum half-life of 23 to 45 hours in_
rats and 8.1 days in dogs after oral gavage administration. ‘A’ single SC injection of the approved
dosage of 0.17 mg/kg as ProHeart 6 to beagle dogs resulted in peak concentratlon in serum
(Cmax) of 5.1 ng/mL a tlme to peak concentratlon (tmax) of 7 tolO days an area under the
concentratlon—versus—tlme curve (AUC()@) of 217 ng°days/mL and an apparent ¢ ehmmatlon
half-life (ti2) of approximately 35 days. After SC injection of ProHeart 6 once every six months
for a total of 6 injections, there was no evidence of alterations i in pharmacokmetlc parameters or
indication of accumulation. A recent study of the single administration of moxidectin in the diet
to female dogs at 45 ppm (corresponding to approximately 1 mg/kg used in the l-yeartoxicology
study) resulted in'a Cpay, AUCy, and tis values of 290 ng/mL; 678 ngeday/mL and 8.3 days,
respectively. These recent studies in the dog, and an ongoing 28-day pharmacokinetic study in
rats were designed to further evaluate the systemic exposure to moxidectin under the conditions -

of the previously conducted toxicology studies.

After oral administration, the major site of moxidectin distribution was in fat in rats, cattle,
sheep, and horses. It was eliminated largely unmetabolized in the feces. The tyy, in fat in the rat
was 11.5 days, much longer than in serum. Limited metabolism was noted in all species and

minor metabolites were identified as predominantly mono- and di-hydroxylated moxidectin.
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Moxidectin did not result in significant in vitro inhibition of cytochrome P450 isozymes,

indicating that drug-drug interactions mediated through cytochrome P450 are unlikely to occur.

P-glycoproteins (P-gps) are transmembrane proteins that transport a wide variety of endogenous
and exogenous molecules across cell membranes. Moxidectin, similar to other macrocyclic
lactones, i isa substrate for P-gps. This relatlonshrp is of clrmcal 1mportance in the development
of nematode resistance to ivermectin and plays a s1gn1ficant role i m breed sensitivity. A mutatlon
in the P-gp gene of ivermectin-sensitive Collie dogs has been shown to be responsible for
ivermectin-induced CNS toxicity. Moxidectin, however was well-tolerated by these - ivermectin-
sensitive dogs (’s‘ee Section 4.1.3. 2). Thus, moxidectin transport is less dependent on P-gp and

subsequent toxicity is less likely mamfest due to factors Wthh alter P- gp actrvrty

33 Toxicology

The toxicologic profile of moxidectin administered by the oral route has been well established.
This profile is relevant to other routes of administration because of limited metabolism of
moxidectin in the body and the long terminal half-life regardless of the route of administration.
A more detailed discussion of the pharmacokinetics and toxigity assessment of moxidectin is

presented in Appendix 6.1.

3.3.1  In Vitro Side-Effect Profiling

Moxidectin and moxidectin microspheres (as present in ProHeart 6) were recently tested in vitro
for binding activity at 64 different biological receptors. This assay is commonly used in drug--
discovery and development to identify any ancillary pharmacologic activities of a molecule
which may result in undesirable biological effects. A final concentration of 10 ng/mL
moxidectin was tested, which is approximately two-fold the average Cpax value in serum of dogs
after an SC injection of ProHeart 6 at the clinical dosage of 0.17 mg/kg. The receptors tested
included those for neurotransmitters and neurotransmitter-related receptors, ion channels,
steroids, second messengers, prostaglandins, growth factors/hormones, brain/gut peptides and

enzymes. Moxidectin in either form did not significantly inhibit the binding of appropriate

16 Fort Dodge Animal Health
A Division of Wyeth



ProHeart® 6 (moxidectin) * January 2005

radioligands to these receptors, indicating a lack of significant, competitive binding activity‘for '
moxidectin at the concentration evaluated..’ These results are consistent with the absence of
undesirable pharmacologic and toxic effects of moxidectin in animal studies at plasma levels

greater than those required for efficacy.

3.3.2 Smgle— and Repeat-Dose Toxicology Studles
Smgle-dose toxrcology studres of moxrdectm were conducted to assess effects after a smgle
admlmstratlon of Iarge doses i m the event of acmdental overdose and to assist in selectlon of dose
levels for subsequent repeat—dose tox1cology studles In smgle dose toxrclty studles of mlce and
rats glven mox1dect1n orally, the medlan lethal dosage (LDso) values were 118 mg/kg and 42 to .‘
78 mg/kg in male and female mice, respectlvely, and 122 and 97 mg/kg in male and female rats
respectively. After a single SC dose LDso values were 285 and 247 mg/kg in male and female
mice, respectively, and > 640 mg/kg in rats. Common clinical signs in these studies were -
decreased activity, tremors, and prostration. These studies demonstrate a large margin of safety -
for ProHeart 6 since the lethal SC dose in rats is more than 3700-fold the approved ProHeart 6
dose of 0.17 mg/kg. '

0
Repeat-dose oral (diet) toxicity was evaluated to assess long-term consequences of repeated,
daily oral exposure to moxidectin. The objective of these studies was to expose animals to high
levels of moxidectin to identify potential toXic effects, and to include lower doses to assess a

possible dose-response relationship and a dose without significant adverse effects (NOAEL).

The following studies were conducted: 4-week studies in mi_cet rats, and dogs; 13-week studies
in rats and dogs; and a I-year study in dogs. Evaluations consisted of nrortality, clinical
observations, body weight, food consumption, hematology, clinical chemistry (except mice),
organ weights, and macroscopic and microscopic examinations of organs and tissues.

Ophthalmic examinations and urinalysis were also included in the dog studies.
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In repeat-dose diet toxicity studies in rats and dogs of durations up to 2 years in mice and rats,
and 1-year in dogs, no target organs of toxicity were identified. There were no significant
adverse histologic or biochemical effects to any organ system. There were no proliferative
lesions identified in any tissue which may signal the development of neoplasia, and no increase
in tumors in 2-year studies in mice or rats. The toxicity of moxidectin manifested at high doses
in clinical signs such as lethargy, ataxia, tremors and mortality (rodents only) with concomitant
decreases in food consumption and body wei.ght' Such clinical signs of hypoexcitation are
consistent with an exaggerated phannacologic effect of mox1dect1n mediated V1a the GABA-
receptor. Interim analysis at day 21 m an ongomg 28 day diet pharmacokmetic study of
moxidectin in dogs ata concentratlon of 45 ppm in feed (approx1mately 1 mg/kg, the NOAEL in
the l-year dog toxicity study) revealed a serum concentration of 278.5 ng/mL 24 hours after the
preceding dose in feed (e, trough level). This value is approximately 234-fold the AUCy.,, (217

ngedays/mL) observed for moxidectin after a single SC dose in dogs of ProHeart 6.
333 Carcinogenicity Sftl’idies' -

3.3.3.1 - Mice

A 2-year earcinogenicity,study was conducted in male and female mice at diet doses of 15, 30,
and 60 ppm (lowered to 50 ppm due to high mortality at week 9). Mortality was increased in
females at doses of 60/50 ppm during the last 13 weeks of the study. There were no
compound-related findings in hematology values, organ weights, or at macrescopic or
microscopic examination. There was no evidence of moxidectin-related target-organ toxicity or

tumorigenicity.

3.33.2 Rats
A 2-year carcinogenicity study was conducted in male and female rats at diet doses of 15, 60 and
120 ppm (lowered to 100 ppm due to high mortality in females at week 8). There were no

- compound-related findings for hematology values, organ weights or at macroscopic or
microscopic examination; there was no ev1dence of moxidectin-related target-organ toxicity or

tumorigenicity.
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3.3.4°  Reproductive and Developmental Toxicity Studies

Reproductive toxicity was evaluated in a rat multigeneration diet study and in developmental
studies in rats and rabbits dosed daily by oral gavage. Based on the results from these studies,
moxidectin was not found to be a selective reproductive toxin in rats, nor a teratogen in rats or

rabbits.

3.3.5 Gehotoxicity Studies ‘
Mox1dectm was tested for genotoxmlty in4in v1tro and 2 in v1vo standard test systems These t

assays assessed the ablhty of mox1dectm fo induce gene mutatlons chromosome damage or
increased DNA repalr which may be related to the carcmogemc potentlal of the test article.
Mox1dect1n was umformly negatlve in these assays, 1ndlcat1ng that mox1dect1n is not a genotoxic

compound

3.4  Experience with Oral Moxidectin in Human Volunteers .

A study in healthy, male volunteers was conducted to assess the pharmacokinetics and safety of
moxidectin given.orally as part of the development of this compound for onchocerciasis therapy
in humans. Safety assessments indicated that moxidectin was safe and well tolerated, with a
slightly higher incidence of transient, mild, and moderate CNS adverse events (dizziness and
somnolence) as compared to placebo. Moxidectin was safe and well tolerated in humans after

single oral doses of 3 mg to 36 mg, the highest dose evaluated.

3.5  Conclusions

Moxidectin is a potent antiparasitic therapeutic that acts to paralyze susceptible organisms
through activity at GABA- and glutamate-gated chloride ion channels. Moxidectin has a long
half-life, distributes predominantly to fat, shows little metabolism, and is excreted primarily in
the feces. In single-dose toxicity studies, the lethal SC dose in rats was more than 3700-fold the
efficacious dose of moxidectin given as ProHeart 6 to dogs. In repeat-dose diet toxicity studies
of durations up to 2 ye-ars in mice and rats, and 1 year in dogs, no target organs of toxicity were
identified. There were no significant adverse histologic or biochemical effects on any organ

system. There were no proliferative lesions identified in any tissue which may signal the
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development of neoplasia, and no increase in tumors in mice or rats. The toxicity of moxidectin
manifested itself at high doses in clinical signs such as lethargy, ataxia, tremors and mortality
(rodents only) with concomitant decreases in food consumption and body weight. Such clinical
signs of hypoexcﬁa!lon are COl’lSlSteIlt w1th an exaggerated pharmacologlc effect of moxidectin
mediated via the GABA-A-receptor Moxidectin was not genotoxic or carcinogenic and was
without reproductive or developmental toxicity. The highest dosage evaluated in the 1-year dog
study resulted in an estimated monthly exposure 234- fold the exposure observed after a single
SC dose in dogs of ProHeart 6. Based on the tox1cology studies of moxidectin where the dose,
dosing duration, and resultmg systemlc exposure to moxxdectm were significantly exaggerated,
clinical SC admlmstratlon of 0.17 mg/kg as ProHeart 6 to dogs is expected to be without

51gn1ﬁcant adverse effects
4.0 PROHEART 6 OVERVIEW

4.1 _ Clinical Trials with ProHeart 6 in Dogs

ProHeart 6 (moxidectin) is indicated for use in dogs >6 months of age for the prevention of
heartworm disease caused by Dirofilaria immitis and for existing larval and adult hookworm
infections (Ancylostoma caninum and Uncinaria stenocephala). The safety and efficacy of
ProHeart 6 was demonstrated during a development program that was established in close
collaboration with the FDA that included agreemerit on study requirements, protocol review, in-
life inspections of selected development studies and a thorough review of data obtained during
the prograin. Moxidectin is well established as an anti-parasitic product for cattle, sheep, horses,
and dogs and is generally recognized as safe for these uses in all animals. The efficacy profile of
ProHeart 6 was demonstrated in a series of dose-determination and dose-confirmation studies
conducted in accordance with Good Clinical Practice guidelines. The safety of the product was
evaluated through a series of safety studies in the target population as well as unique canine
populations that would receive the product. These included reproducing males and females,
dogs that had existing heartworm infections, and Collie dogs that had a demonstrated sensitivity
to ivermectin. Safety and efficacy studies were conducted not only in laboratory Beagles but
also in a variety of breeds and cross-breeds. In the sections that follow, dosages of ProHeart 6

expressed as mg/kg refer to mg of moxidectin per kg of animal bodyweight.
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4.1.1 Heartworm

4.1.1.1 Dose Determination

Two (2) studies were conducted to determine the dosage ofa smgle injection of ProHeart 6
required to effectlvely prevent Dirofi laria immitis mfectlons for 6 months. Both studies had a
similar experimental design. Study animals determined to be negative for D. immitis by antigen
and a modified Knott’s test were included in the studies. One study (0899-C-US-1-96, Georgia)
utilized Beagle dogs (12 males and 20 females) and a second study (0899-C-US-2-96,
Pennsylvania) utilized mongrel dogs (16 males and 16 females). 1L12 proHeart 6 was
administered as a single SC 1n_]ect10n to dogs ata mox1dect1n .dosage of 0.06, 0.17, or

0.50 mg/kg Control anlmals received salme At approx1mately 180 days (6 months) after ‘
treatment, all dogs were inoculated by intravenous (IV) injection with 50 D. immitis Ls infective
larvae. Infections were allowed to develop for 150 days, at which time each animal was '
euthanized, necropsied, and the heart and lungs removed for the recovery and quantiﬁcation of
heartworms. Immediately after treatment with ProHeart 6 and at various times throughout the
studies, dogs were observed for adverse reaction to treatment.- Additionally, injection sites were
evaluated after treatment and throughout the study as well as histologically at necropsy.

In the Georgia study, an average of 25 worms were recovered in the saline treated controls. No
worms were recovered from any of the dogs dosed with ProHeart 6, indicating that all dosages

tested were 100% effective in preventing heartworm disease for 6 months.

In the Pennsylvania study, an average of 36 worms were recovered from the saline treated
controls. No worms were recovgred from any dog that received ProHeart 6 at 0.17 and

0.50 mg/kg. However, 14 adult D..immitis worms were found in 1 dog in the low-dose group
(0.06 mg/kg). The results of this study indicated that a ProHeart 6 dosage of 0.17 mg/kg was
appropriate to prevent canine heartworm disease for a period of 6 months.

During the dose determination studies, moxidectin concentrations were quantified in the serum
of treated dogs. Following injection with ProHeart 6, peak moxidectin levels (approx. 5 ppb)
were observed at 7 to 14 days post-treatment. At the end of the 6-month treatment period,
residual moxidectin concentrations were negligible and generally below the limit of
quantification of the assay methods. The drug did not accumulate with repeated doses. Serum

21 Fort Dodge Animal Health
A Division of Wyeth



ProHeart® 6 (moxidectin) . January 2005

moxidectin levels evaluated after 4 treatments (6 months apart) confirmed that there was no
accumulatlon of moxidectin in the serum of ammals after successive doses (0899-C-US-9-98,

Texas)

4.1.1.2 Dose Confirmation

4.1.1.2.1 Adult Dogs
The efficacy of ProHeart 6 for the prevention of heartworrn disease in dogs was confirmed ina
series of studies conducted using the proposed commercial ProHeart 6 dosage of 0.17 mg/kg.
“Efficacy was evaluated at 6 months post-infection, 12 months post-infection and in dogs with
existing heartworm infections to determine retroactive efficacy. The 6- and 12-month infection
studies used similar experimental designs as the dose-determination studies. Animals were
treated and challenged with L; infective larvae at either 6 or 12 months after treatment and
necropsied for quantification of adult heartworms after the infections had matured. For act1v1ty
against existing infections (retroactive efficacy), animals were challenged with L; infective
larvae at various times prior to treatment with ProHeart 6 and necropsied after an appropriate
period for the development of microfilariae to become adult heartworms.

ProHeart 6, administered to dogs at an SC dosage of 0.17 mg/kg, was 100% effective for
prevention of heartworm disease for 6 or 12 months (0899-C-US-10-98, Texas). 4 When
administered to dogs at'an SC dosage of 0.17 or 0.27 mg/kg (0899-C-US-20-99, Pennsylvania),
ProHeart 6 was 100% effective agamst development of canine heartworm disease for 12 months

after treatment."’

The retroactive efficacy of ProHeart 6 with existing heartworm infections was evaluated at 4 and
6 months after challenge with L; infective larvae (0899-C-US-11-98, Georgia, Table 4.1.1.2.1-
1)."® At0.17 mg/kg, ProHeart 6 was highly effective against 4-month-old D. immitis infections
(85.9%). Efficacy was even higher (97.2%) against 4-month-old infections, when a second

_injection was given 6 months after the first injection; D. immitis was found in only 1 of 5 animals
in this group. A single injection had low efficacy against 6-month-old infections (24.7%).
Efficacy was not improved with 3 additional treatments 6 months apart. In a second retroactive
study (0899-C-US-28-01, Georgia, Table 4.1.1.2.1-2), ProHeart 6 at 0.17 or 0.50 mg/kg was
highly effective against 3-month-old infections (98.8 and 96.0% efficacy, respect'ively).17
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Table 4.1.1.2.1-1. Retroactive Activity of ProHeart 6 at 0.17 mg/kg versus 4- and 6-Month
Heartworm Infections :

Treatment S :
(Time Post-Infection in Months) Geometric Mean Worm Counts (Percent Efficacy)
Saline Moxidectin Male Female - "Total
4and6 T 14.07 17.31 3166
' ' 4 1.24* (91.2) 3.42* (80.3) 446*(85.9)
‘ 6 12090141  11.61(329) = 23.85(24.7)
4,6,10,12,and 18 897 786 1524
: ‘ 4 and 0.32* (96.4) " 0.25* (96.9) 043*(972)

*Statistically significantly different (p <0.05) from control group based on analysis of geometric means.

Table 4.1.1.2.1-2. Retroactive Activity of ProHeart 6 versus 3-month Hearﬁvorm In'fections

Geometric Mean Worm Counts (Percent Efficacy)

Treatment : , . -
(mg/kg) , « Male Female . - Total . .
Saline - 160 - 20 38.3
0.17 ‘ 0.3 (98.4) 0.3 (98.8) 0.4 (98.8)
- 0.50 , - 0.6(96.3) 1.1 (95.1) 1.5 (96.0)

Evaluation of efficacy was for male dogs only, where adequate infection was observed in control animals.

4.1.12.2 Puppies

When administered to 12-week-old small, medium and large breed puppies at 0.17 mg/kg
(0899-C-US-30-02, Pennsylvania), ProHeart 6 reduced heartworm infection >99.8% compared
with control puppies.'® Treatment completely prevented heartworm infection in small and
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medium breed puppies. One of six large breed puppies was infected with a single worm

following 'chall‘enge with 50 L3 D. immitis infective larvae.

412 Hookworms

Efficacy was determined to be 100% for both larval and adult s‘rages of A. caninum in three dose
confirmation studies (0899-C-US-12-98, North Carolina; 0899- C-US- 15-99, Georgia;
0899-C-US-16-99, Michigan).'****! Efficacy against both larval and adult U. stenocephala
infections was 100% in study 0899-C-US- 16 99.

Three (3) additional experimental infection studies were conducted to demonstrate the
effectiveness of ProHeart 6 versus larval and adult stages of the hookworm U. stenocephala
Studies 0899-C-US-17-99 (Michigan), 0899-C-US- 18-99 (New Jersey), and 0899-C-US-19-99 .
(Georgia) provided addmonal data that conﬁrmed the efﬁcacy of the product as >99. 0%.22524 ~

Two studies were conducted to evaluate the persistent‘activbity’ of ProHeart 12 against subsequent
hookworm infections in dogs following treatment. In this program, animals were challenged
with larvae of U. stenocephala and A. caninum. ProHeart 12 orevented infections of these 2
species of hookworm for a period of 4 months in a ‘study in Georgia. Ina study conducted in
Michigan, ProHeart 12 prevented infection by U. stenocephala for a period of 8 months and

A. caninum for 5 months.

4.1.3  Safety

4.1.3.1 Healthy D_ogs )

The clinical and possible patholo‘gi‘cal effects were evaluated when ProHeart 6 was administered
to healthy dogs at either 1, 3 or 5 times the recommended dosage of 0.17 mg/kg in

Study 0899-C-US-4-98 (Wisconsin).>’> Physical examinations were conducted prior to treatment
and throughout the study. Blood and urine samples were collected for hematology, clinical
chemistry, coagulation, and urinalysis. Dogs were also evaluated for clinical signs, food
consumption, and body weight. At the end of the study, dogs were necropsied and evaluated for
overt changes. Tissues from the control (saline treated) and 5-times dosage groups were
examined microscopically. Dogs treated with ProHeart 6 did riot demonstrate any signs or
findings associated with the possible systemic toxicity of the drug. A single SC injection of
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Proheart 6 equivalent to either 1, 3, or 5 times the commercial dosage caused swelling/slight
edema at the site of injections starting within 8 hours of injection and lasting for up to 3 weeks.
One dog, that received the 5-times dosage of ProHeart 6, displayed excessive salivation after
treatment on Day 78. The only overt lesion observed was a 2.0 cm red focus at the SC mjectron

site in 1 male at the 5-times dosage.

The safety of multiple injections of ProHeart 6 was studred in dogs given injections at 6 monthly ‘
intervals (0899-C-US-9-98, Texas) through 2 years.”> No adverse reactions to treatment were
observed following 5 injections. The injection sites were palpated externally, then the skin and
underlying muscle tissue excised and examrned There were no gross ﬁndrngs at the m)ectron o
sites. Mlcroscoplcally, the 1nJected areas generally had granulomatous panniculitis w1th A ”
mlcrovacuolatron (spheres) that was mterpreted to be a reactron to the injected mlcrospheres ,
Three (3) of the experrmental dogs were maintained and received a total of 14 ProHeart 6
injections. At necropsy, there were no adverse reactions attributed to test artrcle during thls tnne )

1nclud1ng no gross fmdmgs in the mjectron sites at necropsy

The safety of ProHeart 6 was demonstrated in reproducrng females (0899-C-US-3-98, Mrchlgan)
and males (0899-C-CN-1-98, Canada) at 3 times the recommended commermal dosage .
- (0.5 mg/kg). 2627 No adverse effects were observed i in reproductlve parameters of treated

breeding females or the seminal quality of treated males.

When administered to healthy 10-week-old puppies at 3 or 5 times the recommended dosage rate
of 0.17 mg/kg (0899-C-US-37- 02, Michigan), ProHeart 6 caused no physical or neurological

changes, and no changes in clinical chemrstry or urmaly51s parameters

4.1.3.2 Ivermectm-Sensrtlve Collle Dogs _

Some genetic lines of Collie dogs are sensitive to the administration of ivermectin. A safety
study (0899-C-US-13-98, Illinois) was conducted to determine the safety of a single dose of
ProHeart 6 at 1, 3 and 5 times the proposed commercial SC dosage of 0.17 mg/kg.”® Collie dogs
shown to react to a 120 pg/kg bodyweight dosage of ivermectin (depression, ataxia, mydriasis,
and excessive salivation) were enrolled in the study. Following treatment, dogs were observed
intensively for the first 24 hours and twice daily through 21 days.  There were no health
conditions suggestive of toxicity in any of the dogs treated with ProHeart 6.
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4.1.3.3 Heartworm-Positive Dogs : : .
The safety of ProHeart 6 in heartworm-positive dogs was evaluated in 2 studies. The first study
(0899-C-US-14-98, Alabama) tested a 3 times the proposed SC dosage in dogs with patent
heartworm infections as measured by circulating microfilarial counts and heartworm antigen.*
Clinical observations, physical exams, and microfilarial counts were used to evaluate the effects
of treatment. The results demonstrated that a dosage of 0.51 mg/kg did not cause adverse
reactions in dogs with patent heartworm infections. There Were no ’postétreannent adverse health
effects. Reduction in microfilariae compared with controls began as early as Day 7 ‘
post-treatment and peaked at 99.6% on Day 21 post-treatment. There was no SIgmﬁcant

(p <0.05) adulticidal effect observed with ProHeart 6. '

As part of the ProHeart 12 development program, the safety of this product for dogs was
evaluated in dogs that had been surgically 1mplanted with 20 adult heartwornis via the Jugular
vein (0899-C-US-39-02, Georgia).”! On Day 61 following implantation, dogs were treated w1th
ProHeart 12 at 1.5 mg/kg (approximately 9 times the ProHeart 6 and 3 times the ProHeart 12
proposed commercial dosages). Animals were observed twice daily for sxgns of toxicity with
physical and clinical examination. There were no treatment-related effects in any of the dogs
Microfilariae counts were reduced to almost 0 at 3 weeks after treatment, with no effect on the
adult population demonstrating no adulticidal activity in heartworm-positive dogs. B

4.1.4  Field Studies .

The safety and efficacy of ProHeart 6 at 0.17 mg/kg was evaluated under field conditions in dogs
dosed twice at 6-month intervals (0899-C-US-5-98, California; 0899-C-US-6-98, 'Texas;
0899-C-US-7-98, Wisconsin; 0899-C-US-8-98, Connecticut).”****** A total of 374 client-
owned dogs representmg 84 breeds (280 ProHeart 6 treated, 94 ProHeart oral tablet controls)
completed the study. Dogs were >6 months of age and were of a variety of breeds, weights,
phys;cal condition, and were of both sexes (either intact or altered). Prior to enrollment, animals
were tested for both heartworm antigen and microfilariae to ensure that dogs were negative for
existing heartworm. None of the 374 dogs that completed this study tested positive. for
heartworms at either 3, 6, or 12 months after the initiation of ProHeart 6 treatment. The
following potential adverse drug reactions were observed (number of cases) vomltmg (3)
diarrhea (2), weight loss (2), listlessness (1), seizures (1), injection site pruritus (3), and elevated
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body temperature (1). Injection site evaluation revealed no abnormalities. This level of potential
reactions for the 374 dogs that completed the study was extremely low and demonstrated the -
safety of the product under field conditions. Twelve (12) ProHeart 6 animals were euthanized or
died during the 18-month study. It was determined following thorough review of each case that
these deaths could not be attributed to treatment with ProHeart 6.

4.1.5 Exaggerated Moxndectm Overdose in Dogs ) ,
FDAH markets an oral formulatlon of mox1dectm for use in horses to control internal parasrtes
This product i is supplied as a syrmge thh a plunger cahbrated by weight so that the correct dose
can be given to horses varying in welght up to 1150 pounds.

While uncommon, dogs have been exposed to this product. Sometimes this exposure is
intentional; owners beheve itis cost effectlve and safe to admlmster the product to dogs
Occasmnally dogs ﬁnd dlscarded syrlnges and chew on them or they consume gel mixed w1th 7

treats 1ntended to entrce a re]uctant horse

From 1997 to 2004 FDAH recelved approxrmately 250 reports. These cases were charactenzed
by a w1de range of neurologlcal mamfestatlons Most (90%) of these dogs recovered to normal
the remaining 10% died. Thus, very high doses of moxidectin may lead to neuro]oglcal
manifestations of toxicity that are often rever81b1e with no evidence of any long—term or

non-neurological toxic effects

4.1.6 International Studies _ _
ProHeart products have been registered in a number of international markets including Australirall ‘
Canada, the European Union (France, Greece, Italy, Portugal Spam), Korea, and Japan. Length
of activity claims and active ingredient concentratlon vary dependlng on the market. US data
formed the basis of each registration with supportmg local data, where required. These studies

included dose-confirmation and field- efficacy testing.

Three (3) studies (0899- C-IT-01-99, 0899-C-IT-02-99, 0899-C- IT-03- 99) were conducted in
Italy to evaluate ProHeart 6 (trademark Guardian SR in Europe) ata dosage of 0.17 mg/kg for
the prevention of heartworm disease caused by Dzrof laria immitis and Dirofilaria repens.>*>"*
Two hundred and fifty-one (251) client-owned dogs of various breeds (41) completed this series
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of field-efficacy and safety studies. ProHeart 6 given at 6 month intervals was 100% effective in
protecting animals from heartworm infection in this heartworin endemic area (verified by
untreated animals enrolled in the same area). No adverse reactions to treatient were reported.

In Australia, 3 studies (0899-C-AU-01-97 dose confirmation, 0899-C-AU-02-00 puppy safety,
and 0899-C-AU-02-98 clinical field study) were conducted in support of a 12-month protection
product administered at a dosage of 0.50 mg/kg.****! ProHeart SR 12 was 100% effective in
preventing heartworm disease in the laboratory dose-confirmation study. When administered at
'3 times the recommended dose (9 times the ProHeart 6 dosage) in puppies 10 to 12 weeks of a{ge,
no clinically apparent adverse effects or adverse injection site reactions were observed. Breeds '
of dogs included Maltese cross, Lhasa Apso cross; Fox Terrier, Staffordshire Bull Terrier,
Poodle, Border Collie, Labrador Retriever, German Shepherd and Rottweiler arid represented
small, medium, and large breeds. Two hundred and ten (210) animals repreSenting 75 breeds
completed the field clinical study. The study demonstrated the effectiveness of ProHeart SR 12
at 0.50 mg/kg (3 times the ProHeart 6 dosage) in protecting dogs from heartworm infection for
12 months. No adverse reactions or drug interactions were observed in treated dogs. -

4.1.7 ProHeart 12 v

ProHeart 12, a moxidectin based product similar to ProHeart 6 is currently in development in the
US. This product, administered at an SC dosage of 0.50 mg/kg will protect dogs from
heartworm disease for a period of 12 months and is identical to the commercial product in
Australia. A safety and field clinical program has been conducted. These studies demonstrate
the same safety profile as ProHeart 6 in reproducing males and females, heartworm-positiv_e
dogs, ivermectin-sensitive Collies, and a variety of canine breeds during the field evaluation

program.

4.1.8  Conclusion

The efficacy and safety of Proheart 6 has been thoroughly evaluated during the initial
development program and in subsequent studles desrgned to expand label claims for the product.
These programs were designed in close cooperation with the FDA and are comprehenswe in
scope. ProHeart 6 has been shown to be efficacious in the protection of dogs from heartworm
disease. It is safe when administered to healthy dogs and to unique canine populations, such as

heartworm-infected or ivermectin-sensitive dogs.
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4.2 Postmarketmg Survelllance of Adverse Events : .

FDAH designed a postmarketing surveillance system to detect a 51gnal of potential drug effects
and subsequently to estimate the incidence and causality of a potential drug effect. The data
used for postmarketing surveillance generally consisted of adverse event reports (AERs).

To determine if AERs have clinical relevance, incidence is estimated and comparisons are made
with a group representative of the general populationv that has not been treated with the drug.
FDAH calculates reporting rates using the number of reports divided by an estimate of the doses -
sold to veterinarians for the same period. In contrast, regulatory authorities generally do not
utilize estlmates of the frequency of drug administration. Addltlonally 'veterinary

eprdemrologlsts lack an understandmg of the rate of occurrence of even commonly observed
medical problems. Thus, it is difficult in assessing AERs to determine whether a drug is directly
related to the observed events. Even after determining that an adverse event may be likely
related to drug administration, the clinical importance ofthe reaction is unknown without an
understanding of i its incidence. Frequent serious reactlons may warrant withdrawal of a drug
from the market, while rare reactions may require appropriate warnings to prescnbers and

clients.

Further confounding the interpretation of AERSs is the potential for bias. - There is a considerable
opportunity for extraneous eventsto stimulate over-reporting of adverse observations in animals
as possible drug associated adverse events. For ProHeart 6 in particular, there are additional
biases that may have impacted reporting of adverse observations. Because ProHeart 6 is a new
innovative product, veterinarians lack a frame of experience from which to Judge whether or not
adverse observations are likely to be associated with the drug. The long duration of action
makes it appear plausible that adverse observations might be associated with drug administration
that occurred several months earlier. _Further, since ProHeart 6 is administered parenterally by
veterinarians and the monthly oral medicines are admmlstered by pet owners (often asa treat)
there is a potential for greater apparent concern with ProHeart 6 Also, veterinarians received
Dear Doctor letters dlscussmg ProHeart 6 safety issues that may have stimulated AERs. Lastly,
there were several widely-disseminated news reports and website postings critical of ProHeart 6
that may have stimulated AERs.
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Thus, while postmarketing surveillance of AERs is a valuable tool in monitoring drug safety, the
use of this system for regulatory decisions is complicated by the absence of a control group, the
lack of an estimate of use, the lack of knowledge of the background rate of systemic diseases in.

the canine population, and the impact of reporting bias to stimulate over-reporting,*>*4*

421 Overview |

In the subsequent sections, FDAH further evaluates AERs (1) relative to product usage, (2) | /
relative to likelihood that they were associated temporally with ProHeart 6 administration, and

- (3) relative to independent expert assessment of the possrble causallty of the event as result of
drug administration. On September 3 2004 FDAH announced the voluntary recall of ProHeart

6 from the US market until resolutron of FDA safety concerns The prrmary concerns 01ted by
FDA were the large number of AERs that were attrrbuted to ProHeart 6 and that the numbers of
these AERs were mcreasmg in the months leadmg up to the recall Additionally, the FDA
expressed concerns regarding symptoms associated with several different body systems These
included neurologic, hematologic, hepatrc and cardiac systems as well as a concern regarding

neoplasra in association with ProHeart 6 admlnlstratron

FDA’s website cites the submission of “more than 5500 AERs in comphanee with federal
regulations (21 CFR 514. 80) that requrre sponsors to submrt serious ‘and unexpected AERs
within 15 workmg days of first recelvmg the mformatlon » FDAH respectfully disagrees that all
of these reports are medlcally serious or unexpected or attnbutable to ProHeart 6. AERs defined
as serious and unexpected are submltted to FDA within 15 workmg days. Those reports defined
as not serious or not unexpected are normally submltted yearly in the annual Drug Experience
Report. However, because of FDA’s contmmng concerns, FDAH began submitting all reports in
a 15-day window in the third quarter of 2003, including those that were not serious and
unexpected. Additionally, all events reported to FDAH were relayed to FDA in an unfiltered
manner, regardless of causality assessment. Many AERSs contain an assessment by the reporting
* veterinarians that their suspicion of product involvement in the event is low. This is particularly
true for reports that were not deemed allergic events. FDAH has also assessed many of these
events as having a low causal relationship. Thus, FDAH considers most of the AERs to be
unrelated to ProHeart treatment. '
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Approximately 18 million doses of ProHeart 6 have been sold with ‘more than 12 million doses -
administered. The calculated reporting rate is 2.5 reports per 10,000 doses, based on doses’sold
to veterinary clinics through August of 2004. This is the equivalent of one report (without regard
to causality) per 4000 doses sold. It is recognized in a voluntary reporting system that not all
potential adverse events associated with product use are reported. However, the trends over time
need to be considered and mdlcate that the rate of AERs for ProHeart 6 was low and dechned

over time.

Another critical element is the background rate of dlsease in the canme populatron at large The
concerns regardmg specrﬁc body systems are addressed in detall in section 4. 22 2 Several
mdependent experts were consulted and thelr conclusmns whrch are mcluded for con51derat10n '
strongly support the safety of ProHeart 6 and 1nd1cate that most of the AERs were not causally- ‘
related to ProHeart 6 treatment

One should consider the system used by FDA to assrgn causahty to each AER The six pomt
causality assessment system considers prev1ous experience with the drug, whether altematrve
etiologic candidates exist, tlmmg of the event, overdose, and dechallenge and rechallenge The
system was primarily establrshed for immediate release products ProHeart 6 is a 6-month
sustamed-release product. Sustamed-release products have not previously been evaluated usmg
this system. Dechallenge (drug removal from the patlent’s body) is not possrble for at least 6
months and FDA has acknowledged that the “challenge” and “dechallenge” components ‘of their
scoring system are not apphcable in thrs instance. The modrﬁed scormg procedures to account
for this fact may have created unmtended bras among therr reVIewers

422  Review of Adverse Event Reports

- Upon receipt of an AER, the reporting party is asked a series of questions by FDAH
professionals, including patient description and identification, previous history, date of product
administration, its dose, body location of administration, time to observation of the adverse
event, concurrent treatments employed, diagnostic testing, and event outcome. Regardless of -
causality assessment by FDAH, every AER involving an FDA regulated product received by
FDAH is submitted to the FDA.
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To assist in the analysis of AERs, FDAH developed an AER categorization system. Each AER

is assigned into one or more of the following categories:

1. Injection site reports _

2. Allergic reports (signs consistent with an allergic response in the species involved, occurring
less than 48 hours after product administration)

3. Non-allergy systemic reports

To calculate réporting rates for é\;aluaiion of the incidence of events, the number of reports
received is divided by the number of doses sold to veterinary clinics in the same period. The
total number of vials of product sold is converted to an estimate of doses using an average
number of doses per vial. Based on interviews with a large number of veterinarians, FDAH
determined that the average number of doses per vial was 21. This dosage is equivalent to an
18 kg dog which is consistent with the average weight of the population at large.

There is a significant seasonality t6 the pattern of use of all héartworm preventative products.
Figure 4.2.2-1 illustrates this seasonal pattern for doses of heartworm preventatives dispensed by
veterinarians in the course of a typical year. This pattern is important to understand ‘when

analyzing report numbers and reporting rates, as discussed below
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Figure 4.2.2-1. Seasonality of Dispensing Heartworm Medication 2002 (All Products) -
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Figure 4.2.2-1 demonstrates the strong seasonal use patterns of heartworm preventative products - .
in the US. The risk (and heightened awareﬁess) of heartqurmrinfection increases as mosquito
populatiovnvs either reappeaf after a typical northern winter, or crescendo after theh:more mild ‘
winters in southern areas of the US. Theygforé, there is a large peak in use of all heartworm

preventatives in April and May of the year.
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Figure 4.2.2-2 demonstrates the sales patterns of ProHeart 6. Sales are increasing over the
period. Sales peaks also occur in each year in essentially the same periods of time as the use
patterns of heartworm products demonstrated in Figure 4.2.2.2-1.

Figure 422-2D0ses S_ol_(i by Q;arfér
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Figure 4.2.2-3 demonstrates the number of AERSs received by FDAH associated with ProHeart 6. '
The nuriber of AERs from launch through August of 2004 is generally decreasing. The peaks i in
the number of AERs in the second quarter of each marketing year correspond to the peaks in
seasonal use and sales previously described. These peaks in AER numbers decrease in each
marketing year despite large increases in sales of ProHeart6 shown in Figure 4.2.2-2. This
seasonality in use, in conjunctlon thh the i 1ncreasmg sales trends marketlng dynamics of
ProHeart 6, results in patterns of AER numbers that are dlfﬁcult to interpret without proper
perspective on the number of doses administered. Therefore reporting rates are calculated using
report numbers found i in Figure 4.2.2.-3 divided by sales data found in Flgure 4.2.2.-3 to create

Figure 4.2.2-4.

Figure 4.2.2-3. Number of Adverse Event Reports by Quarter
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Figure 4.2;2-4. Reporting Rate by Quarter
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The reporting rate shown in Figure 4.2.2-4 puts these trénds into perspective. Marketing year
two produced higher reporting rates, after which a more steady reporting rate was observed.
Higher AERs were recorded in the 2nd quarter of 2002 (refer to Figure 4.2.2-3), but tapered off
considerably following the August 2002 implementation of the manufacturing change of zero
tolerance for residual solvents in the moxidectin used to manufacture ProHeart 6 (see Section
4.3). In the 2nd quarter of 2002, reporting rates peak not only due to an increased number of
reports but also due to the return of large amounts of product in 2002, as a result of outdated
product sold in 2001.

Evaluation by marketing year, which eliminates reporting rate fluctuations due to seasonality of
use, reveals that the average reporting rate for AERs is less than 4 reports per 10,000 doses sold
per year. By this same method of analysis, reports that include the death of the patient
(regardless of causality) are fewer than 0.5 reports per 10,000 doses sold per year. Additionally,
there is no peak in the number of death reports during the peaks in AERs seen in the 2nd quarter
of each year. Further, the adverse event case fatality rate associated with ProHeart 6 reports is
lower than many FDAH pharmaceuticals and similar to case fatality rates for the FDAH canine
vaccine product lines including Duramune Max 5/4L. Thus the incidence of death does not

appear to be causally related to ProHeart 6 usage.
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Most AERs occurrred within 10 days of product administration. Overall, 72% of the AERs
occurred within 48 hours of administration, (17%) were reported from 2 days to 10 days
post-administration, and 10% occurred at 11 days or later. This information suggests that a
significant percentage of reports occur in a short time frame, consistent with a possible allergic
etiology from administration of ProHeart 6 alone or in combination with vaccines or other

medication.

When the numbers of AERs were evaluated with consideration of the seasonality of use and the
increases in the numbers of doses sold over time, the rate of reporting associated with ProHeart 6
was low and was decreasing with time.- In addition, the sériouéﬁess of réi)orts’ as estimated by
case fatality rates was not increasing and was consistent with.comlvnonly used pharmaceutical
and biological products. Thus, FDAH concludes that AERs were rare and the product should

remain available as an alternative for prevention of canine heartworm disease.
4.2.2.1 Analysis by Report Category

4.2.2.1.1 Injection Site Reports =
The reporting rate for injection site reports through 31 August 2004 was 0.2 reports per 10,000
doses sold. The majority of the events were self-limiting and consisted of swelling, pain and/or

pruritus at the site of administration.

The occurrence of injection site reports after the use of ProHeart 6 has remained consistently low
and the types of events reported were similar to other injectable products in the FDAH database.
For comparison, 2 of the most widely used vaccines in the FDAH.line have reporting rates of 0.1
reports per 10, 000 doses sold (Duramune Max 5/4L, a distemper/parvo/leptospirosis
combination vaccine) and 0.5 reports per 10,000 doses sold (Rabvac 3, a rabies vaccine).

42212  Allergy Event Reports

The allergy report category has trended/down over time. The reporting rate through

31 August 2004 was 1.26 reports per 10,000 doses sold. The occurrence of allergy events was
most prevalent in the most popular bréeds, supportiﬂg the conclusion that there are no specific
breed sensitivities. Thirty seven percént (37%) of the reports include concurrent vaccine
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administration, which likely contributed to the reporting rate. For the vaccines previously cited,
Duramune Max 5/4L has an allergy reporting rate of 0.4 reports per 10,000 doses sold and
Rabvac 3 has an allergy reporting rate of 0.5 reports per 10,000 doses sold.

The occurrence of allergy events are described in the product label. The observations include
facial swelling, angioedema, and urticaria, alone or in combination with gastrointestinal (GI)
signs such as vomiting or diarrhea, anaphylaxis, or a low percentage of less common signs such

as lethargy.

4.2.2.1.3 Non-Allergy . Event Reports ’ : ;

Non-allergy events are those not consrdered to be an allerglc response and not categorrzed as
injection site. This non- allergy category includes systemic responses (regardless of the
plausibility of product association) and may overlap with other categories. For example an
individual event report describing injection site swelling would be classified as an injection site
report; however if fever and myalgia also occur, it would also be categorized as a non-allergy
event. Similarly, there is an overlap in the symptoms designated as allergy and non-allergy.
Acute GI symptoms occurring within 48 hours of product administration may be categorizcd as
an allergic event, whereas the same symptoms occurring at 96 hours after product administration
would typically be categorlzed as a non-allergy systemlc event. - Forty five percent (45%) of
reports categorized as non-allergy occurred within 48 hours of product administration. In many
cases, some of the clinical signs reported are consistent with allergy, while other signs vary
enough to result in the event being placed in the non-allergy category. Therefore, FDAH -
concludes that a significant number of events placed in the non-allergy category are actually ‘

allergy mediated.

As observed in the allergy group, no specific breeds appear to be over-represented in the analysis
when the population at large is considered. The overall reporting rate for the non-allergy
category through 31 August 2004 was 1.19 reports per 10,000 doses. Concurrent vaccine use 7
was reported in 42% of the non allergy reports. Duramune Max 5 /4L has 0.3 reports per 10,000
doses recorded in the non;allergy group and Rabvac 3 has 0.35 reports per 10,000 doses.

The signs reported in the non-allergy group cover a wide range, with a large number of the signs
being reported in relatively few cases. The more commonly reported events include vomiting
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and/or diarrhea, lethargy, seizures and ataxia. With the exceptlon of ataxia, all of the above

clinical signs-are included in the product label.

4222 Causality Analysns of Medlcal Events by Selected Body Systems
Events involving specific body systems were further analyzed to establish causality. These
included events associated with neurologic reports, hematologic reports, hepatic reports, cardiac

reports, and reports with a diagnosis of neoplasia.

Each ProHeart 6 case was individually reviewed to assess the likelihood that the observation was
the result of administration of ProHeart 6. Medical association assessments were based on the
approved International Cooperation on Harmonization of Technical Re'qulre/ments for - o
Registration of Veterinary Medicinal Products (VICH) pharmacovigilance draft guidelines.”
These draft guidelines were developed with regulators from Europe, Japan, and the USto- *
provide guidance on global pharmacovxgllance harmonization. - All events were assigned to the
medical association “possible” category asa starting point. When the causality was considered
“unlikely,” sufficient information existed to establish that a reported event was not likely *
associated with product use because there were other more plausible explanations for the
reported event. For the analysis by body system that are presented in the sections that follow

only the medical association “possible” group was reviewed.

This medical association “possible” group was further reviewed to distinguish between events
that could potentially be associated with a specific body system compared with those events for -
which it is probable that the specific body system was involved. Therefore, for each body
system to be analyzed, 2 case definitions were developed: “potential” and “probable.” The
“potential” case definition is intended to include all clinical signs potentially reflective of an
adverse effect on that body system. The “probable” case definition is more refined to include
only those clinical signs that have a reasonable probability of being related to that body system,
and the “probable” excludes all events classified as allergic. If any individual report included
more than 1 of the body systems evaluated, it was included in multiple evaluations. For -
example, if the report involved a dog with anemia anid elevated hepatic enzymes, it was reviewed

under both the hematologic and hepatic body systems.
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4.2.2.2.1 Neurologic Lo
The analysis of neurologic events is hown in Table 4.2.2.2.1-1. The rate of reporting is low at
0.12 reports per 10,000 doses. The difference between the number of potential and probable
neurologic events is relatively large because events classified as allergic and events with non-
specific neurologic signs are included in the number of potential events but not the number of
probable events. Non-specific neurologic signs are clinical signs (eg, muscle tremors) that are
seen without other clinical signs and, therefore, are not likely to include a primary neuroldgib ‘

disorder.

For neurologic events, seizure and ataxia are the primary clinical signs while other individual
clinical signs each account for less than 10% of the total in the neurologic group. As is true with
each of the systems, causality assessments are confounded by concurrent vaccine use in 47% of
the AERs. Additionally, 54% of the reported events occurred within 48 hours or less, suggesting
that many may be allergic events.

Table 4.2.2.2.1-1. Neurologic Adverse Events — Number of Reports

_ Rate (Probable) per
Year Potential Probable 10K Doses Sold
2001 98 23 0.05
2002 342 85 0.21
2003 235 69 ' 0.10
2004-Aug 211 68 0.12

Total 886 245 0.12

The “probable” neurologic reports were reviewed by Dr. Alexander deLahunta D.V.M., PhD.,
diplomate of the American College of Veterinary Internal Medicine, specialty neurology and
honorary member of the American College of Veterinary Pathologists (Appendix 6.2). FDAH
randomly selected about 75% of the neurologic AERs for his review. Dr. deLahunta noted that
seizures were the most common clinical sign reported in the cases, which is consistent with the
general observations in the practice of clinical neurology. He also commented that the most
_common cause of seizures in dogs is idiopathic»e‘pilepsy. Dr. deLahunta concludes his
assessment with the following statement: “The extensive toxicologic studies performed by
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FDAH clearly support the safety of ProHeart 6 at the dose injected in these dogs. There is no
rational scientific reason to believe that this product played any role in the post-mjectlon clinical

signs reported in these case summaries.”

4.2.2.2 2 Hematologlc Events

The analysis of hematologic events is shown in Table 4.2.22. 2-1. The rate of reporting 1s low at
0.09 reports per 10,000 doses. As is true with each of the systems causality assessments are
confounded by concurrent vaccination in 49% of the AERs.

Table 4.2.2.2.2-1. Hematologlc Adverse Events — Number of Reports

Rate (Probable) per 10K
Year Potential - Probable " Deoses Sold
2001 75 13 i - 0.03
2002 212 63 0.16
2003 172 48 0.07
2004-Aug 139 60 0.10 -

Total 598 . 184 : 0.09

FDAH consulted with Dr. Alan Rebar, a diplomate of the American College of Veterinary
Pathologists with a specialty in clinical pathology, to review all potential hematologic evénts :
(Appendix 6.3). Dr. Rebar was provided with clinical case summaries and all available clinical
laboratory data for all the clinical cases identified by FDAH criteria as probable hematologic or
hepatic adverse events to ProHeart 6. (The review of the hepatic events follows in Section
42223)

In contrast to FDAH’s assessment (Table 4.2.2.2.2-1), Dr. Rebar determined that 151 of the
AERs he reviewed should be categorized as probable hemat(_)logi’c AERs. Particular emphasis
was placed on potential toxic-indhced hematologic events: immune mediated hemolysis
(IMHA), immune mediated thrombocytopenia (ITP), Heinz body hemolysis, and bone marrow
hypoplasia /aplasxa (AIMMD). Of these, only IMHA ITP and/or IMMD were 1dent1ﬁed among
the 151 hematologic reports. '

41 Fort Dodge Animal Health
A Division of Wyeth



ProHeart® 6 (moxidectin) January 2005

Dr. Rebar also evaluated the 151 probable hematologlc events to determine which may have
been i lmmune medlated Usmg a conservative case defmltlon he determined that 79 could be
immune mediated. In many of the 79 cases, however, not enough data were provided to
establish a definitive diagnosis of IMHA, ITP or IMMD. For example, in many cases, blood
films were not evaluated for the presence of spherocytes, direct antiglobulin tests (DAT,
Coombs’ tests) were not run, and blood films were not scanned to conﬁnn an instrument

reported thrombocytopcma

Of the 79 cases determined to be potentially immune mediated, 76 cases were determined to-be
IMHA/ITP. Of these, 53 cases occurred after the first injection of ProHeart 6, and 26 occurred
after 2 or more injections. Of the 53 cases occurring following a single ProHeart 6 injection,
only 23 (those occurring 8 to 30 days post-injection) were considered possibly related to
ProHeart 6. Fourteen ( 14) occurred too soon followmg ProHeart 6 injection (0 to 7 days) to have
allowed sufficient antlbody to form agamst ProHeart 6 to precipitate an 1mmune-med1ated
hematologic event. Thirteen ( 13) occurred after 30 days or more, too long an interval to suggest

a likely role for ProHeart 6 injection.

Of the remaining 23 cases, it is not possible to rule out a role for ProHeart 6, although IMHA and
ITP are relatively common disorders in all breeds of dogs

Of the 26 cases occurring following multiple injections of ProHeart 6, twenty two (22) (those
occurring between 0 and 30 days post ProHeart 6 injectioh) were considered possibly related to
ProHeart 6. The 10 cases occurrmg within 7 days post-lnjectlon are relatively unlikely to be
related to ProHeart 6 injection but are 1ncluded because of potential anamnestlc immune
response to multlple m_;ectlons

Three (3) cases of apparent IMMD were identified. The cause of the IMMD in each case could
not be determined from the diagnostic data available. Two (2) cases occurred after the first dose
of ProHeart 6; the first occurred at 7 days post administration and the second occurred at more
than 30 days post administration. The third case occurred more than 30 days after the dog had
received its fourth dose of ProHeart 6. The timing of all 3 events indicates that they were ,
unlikely to be related to ProHeart 6 administration. |
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In summary, 45 cases of he'métolog'ic AERs may have been induced by ProHeart 6. However,
since more than 18 million doses of ProHeart 6 have been sold it is p0551ble that these findings

represent the normal baseline mc1dence in camnes

4.2.2.2.3 Hepatic Body System :

The analysis of hepatic events is shown in Table 4.2.2.2.3-1. The rate of reporting is low at 0.07.
reports per 10,000 does sold. As is true with each body system, causality assessments are
confounded by concurrent vaccine use in 38% of the AERs. - -

Table 4222, 3 1. Hepatlc Adverse Events - Numbers of Reports

: Rate (Probable) per
Year Potential Probable 10K Doses Sold
2001 36 2 -0.03
2002 125 4 0.12
2003 109 49 0.07
2004-Aug 118 47 0.08
Total 388 1s6 007

One hundred (100) probable hepatlc AERs were reviewed by Dr. Rebar. This number of 100
probable hepatic reports is d1fferent from the total probable hepatlc reports in Table 4.2.2.2.3. 1
because Dr. Rebar removed 56 reports that he determmed were not probable hepatic events.
Forty-three (43) cases of possible prlmary liver dlsease were identified among the 100 AERs

~ evaluated. Fifty-seven (57) cases were probably not primary hepatic events, and the mild non-
sjjeciﬁc elevations in hepatic enzyme(s) were thought to be due to anorexia and/or stress.

Of the remaining 43 cases, 42 occurred between 0 and 3 days post- injection§ again, however, a
causal relationship with ProHeart 6 _canhot be ruled out. However, since more than 18 million
doses of ProHeart 6 have been sold it is possible that these findings represent the normal baseline

in the canine population.
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Pathology reports from all the probable hepatic AERs that contain any pathology reports

(15 cases) were reviewed by Dr. Keith Harris D.V.M., Assistant Vice President Pathology and
Bioresources, Wyeth Research and diplomate of the American College Veterinary Pathologists.
There was no pattern of liver pathology indicative of a common toxicological agent in all or a
subset of the 15 cases (other than corticosteroids in two cases). Only one case out of the 15
exhibited histomorphologic changes ,éonys_istent with a direct acting hepatotoxin that could be
témpora]ly related to ProHeart 6 administration. Pathology reports from 15 cases with liver
disease were reviewed. There was no obvious pattern of liver pathology that would indicate
toxicity common to all or a subset of the 15 cases (other than corticosteroids in two cases). Only
one case out of the 15 exhibited histomorphologic changes consistent with a direct acting
hepatotoxin that could be temporally related to ProHeart 6 administration. The acute
hepatocellular necrosis described in this particular case is a non-specific finding and could have

been caused by a number of different toxicants.

4.2.22.4 Cardiac Events
The analysis of cardiac events is seen in Table 4.2.2.2.4-1. The reporting rate is low at 0.02

reports per 10,000 doses.

Table 4.2.2.2.4-1. Cardiac Adverse Events — Numbers of Reports

Rate (Probable) per
Year Potential Probable : 10K Doses Sold
2001 100 T 0.02
2002 254 ' =15 0.04
2003 186 10 0.02
2004-Aug 153 15 0.02
Total 693 47 0.02

Concurrent vaccination confounds the assessment of the cardiac events. Forty-nine percent
(49%) of the cases classified as cardiac events included concurrent vaccination. Sixty percent
(60%) of the reports occurred within 48 hours of ProHeart 6 administration. The timing of these
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reports is not indicative of a direct cardiac effect. Many events appear to overlap as non-typical
allergic events, as observed for the other body systems, so that an indirect effect associated with

an allergic event cannot be ruled out.

Dr. Keith Harris DVM, Assistant Vice President Pathology and Bioresources Wyeth Research,
and diplomate of the American College of Veterinary Pathologists, reviewed the 7
histopathological slides from 2 cases of cardiac necrosis thought to be associated with ProHeart 6
administration. Histopathologic evaluation of tissue spécimens from the 2 dogs identified in an -
FDA presentation revealed cardiac pathology secondary to uremia in a Boxer dog and chronic -
heart disease that clearly predated ProHeart 6 administration in a Labrador Reteiever. ‘The two
IDEXX pathologists who had originally indicated that these cases might be associated with
ProHeart 6 subsequently concurred with this interpretation. ’

Based on these data, including timing of the events and histopath‘ological assessments, FDAH
concludes that there is no causal relationship between ProHeart 6 and these cardiac events.

4.2.2.2.5 Neoplasia Events
The analysis of neoplasia cases is shown in Table 4.2.2.2. 5 1. The rate of reporting is low at
0.06 reports per 10,000 doses.

Table 4.2.2.2.5-1. Neoplasia Adverse Events — Numbers of Reports

Year Potential ' Rate per 10K Doses Sold
2001 : 7 0.01
2002 38 0.09
2003 41 0.06
2004-Aug 36 - 0.06
Total 130 0.06
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Dr Philip Bergman, D.V.M, MS, PhD, diplomate American College of Veterinary Internal -
Medicine, Oncology (Appendix 6.4) reviewed all 130 cases involving a diagnosis of neoplasia,

regardless of medical association. A summary of Dr. Bergman’s comments follows.

The vast majority of ProHeart 6-related cancers occurred within 21 days or less of ProHeart 6
administration. Veterinary oncologists agree that at least 6 to 8 weeks are required to develop a
tumor after exposure to a carcinogen. Therefore, cases that were diagnosed with cancer withii_; a
3 to 4 week period after ProHeart 6 administration likely had a tumor present before ProHeart 6 |
administration. There was not a relationship between additional doses of ProHeart 6 _
administered and increasing reports of neoplasia. This lack of a dose-response relatlonshlp W1th
repeated ProHeart 6 administration further supports the conclusion that ProHeart 6 is not
responsible for canine tumor induction. This is further supported by the moxidectin nonclinical
toxicology studies showing no evidence of carbinogenicity (see Section 3.3.3 and Appendix 6.1).

Dr. Bergman’s review of the 130 cases revealed that 100 cases'werevclearly not associated w1th ‘
ProHeart 6 administration. Twenty eight (28) cases did not allow the immediate. exclusion of an
association to ProHeart 6 administration. However the association was deemed unlikely due to 1
or more of the following factors: 1) a time period from product administration to observation of
the neoplasia was too short to be considered a causal relationship; 2) most of the reports revealed
no association between the site of administration and the location of the neoplasia; 3) there was a
broad cross section of neoplasia types, rather than a predilection for a specific tumor type, as
would be expected in a product-specific effect; and 4), the types were representative of those
seen in the general dog population. There were 2 cases in which a relationship to ProHeart 6

administration could not be ruled out.

423  Conclusions

Based on the in-depth analysis described in this summary section, it is the conclusion of FDAH
that ProHeart 6 is a safe and effective product for the prevention of canine heartworm disease.
The overall reporting rate for AERs was low and generally trended down over time to the time of
the recall. At that time, the frequency and severity of AERs was not increasing. Analy51s of
specific body and organ systems support the conclusion that the AER clinical finding were
generally not causally re_lated to ProHeart 6 administration and appeared to occur at a rate
consistent with naturally occurring diséase in the canine population.
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4.3 Manufacturing Change

ProHeart 6 was launched in the US in June 2001. Shortly after launch, FDAH received a number
of reports of allergic-type reactions after administration. The reactions reported ranged from
mild and self-limiting (eg, urticaria, itching at injection site, an episode of vomiting or diarrhea)

to severe anaphylactoid reactions.

A working group of FDAH and Wyeth immunology experts was convened to investigate the
possible causes, and outside experts were retained to assist. There were 2 aspects of the
investigations: (1) field reports and their follow-up, and (2) product analysis for any

abnormalities, contaminants, and/or reactive components.

A “cluster effect” was observed where some practices reported several adverse events, while
others in close proximity with usage patterns of ProHeart 6 did not report reactions. This was -
observed in both the US and Australia. Visits were made to practices to evaluate product
storage handling, and administration, and veterinarians and dog owners were interviewed to try
to identify any predisposing factors. No age or breed predispositions were found, nor any
interactions with concurrent treatment with other veterinary therapeutics or biologicals.

Extensive investigations into reactor dogs (dogs which showed allergic reactions) found no
evidence that the allergies were IgE (immunoglobulin E) or IgG (immunoglobulin G) mediated - -
(L. Gershwin, Department of Pathology, Microbiology and Immunology, School of Veterinary - -
Medicine, University of California, Davis, and R. Schultz, Professor and Chair, School of
Veterinary Medicine, Department of Pathological Sciences, University of Wisconsin, Madison
[see Appendix 6.5]). The reactions appeared to be idiosyncratic and mediated either by

histamine or complement.*>***" Attempts to induce reactions in dogs using passive cutaneous

48,4
allergy testing after sensrtxzatron wrth serum from reactor dogs were unsuccessful. 9

Extensive testing of all raw materials and formulated products used in manufacture of ProHeart 6
showed that all were within quality speciﬁcations ‘Tests for 16 trace metals did not reveal any
contamination. Quahty Assurance audits were conducted at the manufacturlng sites of glyceryl
tristearate (Germany) and hydroxypropyl methylcellulose (U S) to evaluate the potential | for cross
contamination during or after manufacturing. No potential problems were found. Cleanout
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validation was repeated at the formulation plant to confirm that no carryover from other

manufacturing processes could occur.’**!?

Both in the US and Australia, differences were found in reaction rates between batches, so
investigations focused on trying to identify any batch differences. Thin layer chromatography =
(TLC) analyses detected no unknown components either in moxidectin technical material or in"
finished product. However, evaluation of minor c':omponéht pr’bﬁleé between batches revealed a
trend to lower reactions for lots with no detectable residual solvents. Coincident with this
investigation, FDAH was optimizing the méhufa'cturing process and initiated a manufacturing - -

change to produce moxidectin with no detectable solvents.

Although additional studies were done to better understand the cause of the allergic-type
reactions, no conclusive findings were generated. Nevertheless, there has been a decline in the
adverse event reporting rate from all markets since the manufacturing change was Vi_mplemented,
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4.4  Safety Profile in Dogs

In August of 2004, FDAH requested a review of the safety of ProHeart 6 use in general
veterinary practice and a comparison of its safety profile with that of commonly used oral
monthly heartworm drugs by Dr. Larry Glickman VMD, DrPh, FACE, Professor of
Epidemiology and Public Health and Head, Section of Clinical Epidemiology, School of
Veterinary Medicine, Purdue _Uniycrsify ;(Appendix 6.6). This section summarizes the
experience with ProHeart 6 by Banfield the Pet Hospital™ veterinarians nationwide who had
administered 735,654 doses of ProHeart 6 to dogs from January 1, 2002 through August 31,
2004. '

- 44.1  Methods

The source of data for this analysis was the medical records of Banfield the Pet Hospital™.
Banfield was founded in 1955 in Oregon to deliver prirriary'health care t0 companion animals,
and by 2005 will operate a national network of 440 full-service veterinary hospitals in 42 states.
Banfield practices employ more than 900 full and part-time veterinarians, have over 1.4 million
active patients, and conduct approximately 50,000 patient visits per week. The Banfield .
database is paperless and contains over 8 million patient records in electronic format. A quality
assurance team consisting of veterinarians and veterinary technicians regularly monitors the
safety profile of all medications, vaccines, and procedures used by Banfield veterinarians and

tracks the incidence of diseases that are preventable by these vaccines or drugs.

All encounters (office visits) were characterized as being associated with ProHeart 6, 2 oral
monthly heartworm preventative drugs (Heartworm Preventative 1 or

Heartworm Preventative 2), vaccine, or none of these exposures. Adverse events (AEs) of
interest included liver disease, neurological disease, ocular disease, immune-mediated disease,
allergic reaction, death, cancer (mast cell, lymphosarcoma, and histiocytoma), cardiovascular
disease, anaphylaxis, or inflammatory bowel disease. The specific diseases or laboratory
findings comprising each of these AEs based on Banfield computer codes are shown in Table
4.4.1-1. Each encounter was then evaluated for potential AEs over the following 30 days. Of
these encounters, 275,189 that occurred from August 1 to August 31, 2004, were excluded from
analysis because they lacked a full 30-day followup interval. This followup period was
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terminated early if a dog had another exposure to ProHeart 6, either of the 2 monthly heartworm
preventatives, a vaccine, or died. Except in the case of death, a new followup period was

initiated after this new exposure. The incidence of AERs, expressed as either the number of AEs
per 10,000 encounters or the number of AE per 10,000 days at risk following an exposure, were.
calculated for the following exposure groups: no exposure, vaccine alone, ProHeart 6 with or
without vaccine, and Heartworm Preventative 1 or Heartworm'Preventative 2 with or without
vaccine. F or;hal testing to identify statistically significant differences in the AE rates betwp_én
exposure groups was generally not done for the univariate analyses due to the very large sample
size within each exposure group. That is, the powe.r'to detect statistically significant differences
was 50 high for common events that even very small differences in event rates were likely to be
statistically different at p < 0.001. However, the same was not necessarily true for less common
events. For this reason, the focus was placed on the clinical relevance of differences in the AE
rates and the 95% confidence intervals of the odds ratios in multivariate analysis. : '

Table 4.4.1-1. Adverse Events

Disease Adverse

Category . - Event - Identification Criteria -
Liver Disease liver any dx dx = hepatopathy, hepatitis, hepatic enceph, hepatic acute hepatic dis, hepat:c conserv, hepalic
extensv
fiver alp lab = alp>=393
liver ak lab = alt>=236
ivergam =~ .. . .jlab = gammagt>=24
fiver bit lab = tot bilirubin > 1.0
liver lab .any liver adverse lab code L
liver any dx + any Iab any liver adverse dx + any liver adverse lab code :
-] liver any any liver adverse dx or any liver adverse lab code
Neurological neuro dx = éncephmening, epilepsy, behavioral uk, shod(-mrdlo seizures-acq
Disease lab_= _ paresis, paralysis, ataxia
Ocular Disease ocular : : dx ‘= optic neuritis, retinal-degen-s, anisocoria
lab_= vis acuity, vis deficit-fit,_visual deficit-rgt
Immune Mediated | Thrombocytopenia dx = thrombocytopenia, thrombo im .-
Disease
: mmun med1 ...~ |dx = - (immunemed dis or AHA) and lab = abnomal reticulocyte count
immun_med2 - dx = (immune med dis or AHA) and not lab = abnommal reticulocyté count
__|mmuneany . any immune mediated disease adverse event
Allergic Reaction | allergic reaction dx = allergic reaction, drug reaction, druginduc dis, allergic rct acut, vaccine macuon. urlmna,
. drug eruption
Death death dx = deadon arrival, sudden death
death date within 30 days based on reported death in demographncs records
Anaphylaxis anaphylaxis dx__=  anaphylaxis
Cardiac candiac murmur dx =  murmur
cardiac arthythmia dx = cardiac arrest, atnalﬁbnllatnon atrial premature contractions, atnal tachycardia, bundle
branch block, heart block 1% deg, heart block 2™ deg, heart block 3 deg, wrdnc arhythmia,
ventricular premature contractions, ventmﬂartﬂxzrdia
cardiomyopathy dx =cardiomyopathy, canine dilated, cardiomyopathy; canine hypertrophic, cardiomyopathy; boxer,
cardiomyopathy; canine fam{lial, cardiomyopathy; dilated, cardiom yopathy; hypertrophic
cardiac any any cardiac adverse dx
Cancer mast cell tumor dx = mast cell tumor
lymphosarcoma dx = lymphosarcoma
histiocytoma dx = histiocyloma
cancer an any cancer adverse dx
Inflammatory bd dx = inflammatory bowe! disease

Bowel Disease
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For the purposes of this study, it was assumed that oral monthly heartworm preventatives had
been administered by owners on the same day of the encounter in which they had been
dispensed. In contrast, ProHeart 6 and vaccines were assumed to have been administered during '
the same office encounter indicated in the medical record. Also, a search for potential AEs was
limited to the 30 days immediately following an encounter of interest.” The potential
consequences of these assumptions would be to underestimate the incidence of AEs associated
with oral monthly heartworm drugs, compared with those associated with ProHeart 6 or |
vaccines, because it was not certam if, or when, the monthly heartworm preventatlve dispensed -
fora dog was actually given to the dog by its owner. That is, some of the oral heartworm =~
preventatives dispensed by Banfield veterinarians were probably never given to the dogs; yet -
AEs were calculated as if these drugs had beén administered. et

442  Results o S

From January 1, 2002 to Auguét 31, 2004, there were 6,800,061 dog visits or encounters at 403
Banfield hospitals. The following number of encounters was associated with the administration
of: ProHeart 6 (735,654), Heartworm Preventative 1 (411 082) ‘Heartworm Preventative 2
(18,405), or vaceme (2,230,202), (Table 4.4.2-1). In addition, there were 5,634,016 encounters
during which no heartworm preventative was administered 'or"dispensed Heartworm
preventatives were often administered or dispensed at the same t1me as a vaccine. The

proportion of encounters associated with vaccmatlon was 62 9% for Proheart 6, 59.9% for
Heartworm Preventative 1, and 65.1% for Heartworm Preventatlve 2. In contrast, vaccines were
only administered during 26.4% of the encounters for which rio heartworm preventative was
given. That is, these dogs may have presented with signs of disease for which diagnostic tests -
were performed and other drugs administere_d_._ The number of doses of ProHeart 6 administered |
monthly by Banfield veterinari‘ans' inereased ever time since"January 2002 and a higher number
of doses was administered each year during the peak t1me of mosquito activity, namely from
March through September (F 1gure 4.4.2-1).
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Table 4.4.2-1. Rate per 10,000 of Any Adverse Event by Treatment Category Total Number
' . of Encounters = 6,800,061 i

: ProHeart6 “HW Prev 1 HW Prev 2 No HW Treatment

Vaccine| - N Nr {Rate| N: | Nis |Rate| N | Nif{Rate{. :N-.-:|. Ns :|Rate

Yes | 483,064 |6,292 | 130.3 246,131 2,804 | 113.9 [ 11,975 | 120 1,489,032 | . 17,406 { 1169 |

No |252,500{2,253| 89.2164,951 | 1,469 120,529

Total | 735654 8545|1161 411,082 (4,273

N = Total Number of Encounters

N,= Total Number of Adverse Events
Rate = Number Adverse Events Per 10,000 Encounters

290.8
244.8

100.2
45| 70.0
165 89.4

4,144,984
5,634,016 137,935

89.1| 6,430
103.9 | 18,405

Figure 4.4.2-1. Doses Dispensed by Month; ProHeart 6 Only or With Vaccine
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4.4.2.1 Univariate Analyses

ProHeart 6 was associated with a higher rate of liver-related AE compared with either of the 2
monthly heartworm preventatives, regardless of whether a vaccine was administered or not,
while Heartworm Preventative 1 was associated with the highest death rate (Table 4.42.1-1). In
general, vaccme admmlstratlon was associated with an increased rate of liver disease for dogs "
receiving ProHeart 6, but not for dogs on monthly heartworm preventatwe The rates of all other
diseases or condltlons except for cancer were similar among al] of the heartworm preventatlves,

whether given orally or parenterally

Table 4.4.2.1-1. Adverse Event Rate per 10,000 by Treatment Group

Treatment (r:a_toqory Potentially Associated Adverse Event Type
Immune

Neurological Ocular Mediated Allergic

HW HW Any Liver Disease Disease Di: Di: Reaction
ProHearté Prev 1 Prov 2 Vaccine N N Rate N Rate N Rate |, N Rate N Rate
4,144984 | 25531} 61.6 3,157 76| 134 03 2,948 71 6,832 16.5
Y . o) 1,489,032 +- 5207 |- .35.0 " 522 3.8 271 .02 265 5 1.8] .:6,598 44.3
6,430 141 21.8 4 6.2 0 0.0 1 16 12 18.7
Y Y 11,975 24| 200 2 1.7 0 0.0 2 1.7 62 51.8
Y 164,951 5231 317 68 4.1 1 0.1 40 24 236 14.3
Y Y 246,131 671 273 94 3.8 2 0.1 22 0.9 1,336 543
Y 252,590 880 | 34.8 123 4.9 4 0.2 59 23 465 184
Y Y 483,064 2011} 4186 178 37} .7 0.1 98 20 2,581 53.4
Any - 6,800,061 34866 | 51.3 4149 |° 61 175 0.3 3,435 5.1 18,123 | 267

Treatment Category - P ially Associated Adverse Event Type
. Cardio
HW HW Any Death Cancer Di Anaphylaxi IBS
ProHearté Prev 1 Prov 2 Vaccine N N Rate N ‘Rato N Rate N Rate N Rate
4,144,984 74,470 179.7 3,724 9.0 8,089 195§ 139 03} 767 19
Y 1,489,032 2,690 18.1 562 ‘3.8 1,804 12.1 108 0.7 62 0.4
Y . 6,430 - M 17.1 -0 0.0 |- 4 62 0 0.0 1 16
. Y Y 11,975 17 142 2| 17 10 8.4 2 17 0 0.0
Y - 164,951 363 220 67 41 - 219 133 4 0.2 17 1.0
X Y 246,131 354 144 75 3.0 261 10.6 18 0.7 17 0.7
Y 252,590 392 15.5 155 6.1 250 9.9 13 0.5 19 08
Y 483,064 709 14.7 205 42 635 13.1 34 0.7 26 0.5
Any B 6,800,061 79,006 116.2 4,790 7.0 11,274 166 318 05| 909 13
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The rate of potential liver-related AEs was examined further on the basis of a clinical diagnosis

- only, an increase in the serum concentration of a liver-associated enzyme or bilirubin, or any
combination of a clinical diagnosis plus an abnormal laboratory finding (Table 442.1-2).
ProHeart 6 when administered either with or without a vaccine, was associated with a higher rate_
of abny» Iiver-related clinical diagnbsis, enzyme ALT, bilirubin, or a combination of a clinica]
diagnosis plus any abnormal laboratory test result (Tablc 4.4.2.1-3). However, in an analysis
based on the rate of potential AEs per 10, 000 days at risk, the rate of liver disease was
comparable between ProHeart 6 and the 2 monthly heartworm preventatlves while the rate was.
hxghest for dogs that received no heaﬂworm drug. It should be noted that the mean days atrisk -
per encounter for ProHeart 6 was 29.2 compared with 27.2 for Heartworm Preventative 1. This
could lead to a slight underestimation of the AE rate associated with Heartworm Preventative 1
compared with ProHeart 6. The liver-related AEs appeared to occur with similar frequency
during days 0 to 2, 3 tol4, and 15 to 30, following the exposures of interest. -

Table 4.4.2.1-2. Liver Adverse Events Definitions Based on Lab Measure or Lab Abnormal

Flag

| Times | Lab Measure | Lab Abnormal Fiag

Measure | Criterion | Normal N = N -

ALP >=393 | 3X 22,913 37,869

ALT | >=236 | 2X 12,201 32,406

Tot Bilirubin >=1.0 3X . 24,823 ’ } 27,049

|GammaGT | >=24 2X 485 14,092

Total aE 60,422 | 111,416
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Table 4.4.2.1-3. Potential Liver-related Adverse Events per 10,000 by Treatment Group

Vaccine administration was associated with a markedly increased rate of allergic reactions for

dogs on ProHeart 6-as well as for dogs on monthly heartworm preventative
(Table 4.4.2.1-1). The rate of allergic reactions per 10,000 days at risk was similarly increased

for vaccinated dogs compared with dogs receiving any one of the heartworm preventative drugs
or those receiving no heartworm drug. Unlike liver-related AEs, allergic reactions occurred

more commonly during days 0 to 2 following an encounter of interest.

R T W [ Any ‘Any DX AT AP GAM “BL | AwlAB DX+LAB OXorLAB
PHE | Prevd | Prev2 | Vaccine N Rate N Rate N Rate [ N | Rae N Rate N | Rate N Rate N Rate
R 41449841 3776 91| 6616|160 1242| 300] 01| 0o 8754| 211] -msm.| ses| 142 35| ‘2581 616
Y 140002 460| 31)1008) 68) 1703 14| 20f 01| 2e88| 81| 4907| :6] 218] 15| s27 350
Y 64| . o| oo 4| 62 3| a7{ of oo 9| w0 14| 218 of 0o 4] 218
¥ Y 1975 - 0| 00 8| a7 8] 67| of 0o 13| 09| : 24| 20 of oo 24 200
' o951 | 2| 32| 18 72 21| 122) 8| os| 27| .44 48| 32 20} 12 53| 317
Y Y 26131 45| 18] o4| a8 73| 70{ 3| a1 416| 169 65| 262{ 15| 06 671] 273
\ 22500 | | 40] 215 as| . xe] 20| 7| aa]. 40| 58] ee| m1| | 17] - &0} 348
A Y 483064 25| 43} 39/ .81 66| 144] 8| 02 94| 204| 1912| 26| 95| 20| 20| 416
Ay 6800061 | 4641 68 24| 155%| 28| 47 06| T35m| 199] 67| a77) 1845] 27] ees| 513

There was no apparent association of immune-mediated or cardiovascular events with any of the
heartworm preventatlves or with vaccines, and the rate of these AEs was relatively low

(Table 4.4.2. 1 l)

The rate of mast-cell tumor, lymphosarcoma, or histiocytoma was generally < 3 AEs per 10,000
encounters (Table 4.4.2.1-4). ProHeart 6, whether administered alone or with a vaccine, was
associated with a slight (~ 2 per 10,000 encounters), but higher rate of mast-cell tumors
compared with administration of vaccines alone or any of the monthly heartworm preventatives.
The rate of mast cell tumors per 10,000 days at risk was similarly elevated in dogs receiving
ProHeart 6 compared with those receiving a vaccine or any one of the monthly heartworm
preventative drugs. However, compared with dogs that had received 5 doses of ProHeart 6, there
was no statistically significant difference in the age-adjusted risk of developing mast cell tumor
for dogs that had received 1, 2, 3, or 4 doses of ProHeart 6 from Banfield veterinarians. That is,
all of the odds ratios included 1.0. There was also no apparent dose-response relationship
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between ProHeart 6 dose number and mast cell tumor risk. However, it is not known if any dogs

had previously received ProHeart 6 from a non-Banfield veterinarian.

Table 4.4.2.1-4. Potential Cancer-related Adverse Events per 10,000 by Treatment Group

Treatment Catego!

HW HW Any Mast Cell Tumor Lymphosarcoma Histiocytoma

PH6 Prev 1 Prev 2 Vaccine N N Rate N Rate N Rate
4,144,984 1,285 31 1,021 25 1,434 35
Y 1,489,032 172 1.2 36 02| 39 24
Y ‘ 6,430 0 0.0 0 0.0 0 0.0
Y Y 11,975 o 0.0 0 0.0 2 1.7
Y 164,951 10 0.6 12 © 07 45 27
Y Y 246,131 13 05 0 0.0 62 25
Y : 252,590 54 2.1 13 05 89 35
Y Y 483,064 90 1.9 14 0.3 101 2.1
Any 6,800,061 1,624 24 1,096 16 2,092 3.4

4.4.2.2  Multivariate Analyses

To control for potential confounding effects and to identify interactions between the variables,
multivariate logistic regression models were constructed that included the following variables:
heartworm preventative, vaccine, age, weight, non-steroidal anti-inflammatory (NSAID), steroid,
and ProHeart 6 dose number. In the liver disease model, steroid use was associated with a 25%
increased risk while ProHeart 6 was associated with a 15% reduction in risk. Each additional
dose of ProHeart 6 was associated with an 8% reduction in liver disease risk. There was
evidence of a strong interaction (effect modlﬁcatlon) between age and ProHeart 6. Upon further
examination of the relationship between ProHeart 6 dose number and age, the risk of liver
disease increased with age, regardless of the exposure group. Using the best-fit equation
generated from the logistic regression model, the relaﬁonship between the risk of liver disease
associated with ProHeart 6 use was graphed as a function of age (Figure 4.4.2.2-1). ProHeart 6
administration was associated with a decreased risk of liver disease in dogs < 4 years of age,

whereas there was an 1ncreased risk in dogs > 4 years of age.
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~ Figure 4.4.2.2-1. Risk of Liver Disease by Age for ProHeart 6

1.5

Risk (Odds Ratio)

0.5 T T T T T T T 1
0 1 2 3 4 5 6 7

Age (years)

Risk (1yr old) = 0.854*1.043 = 0.89; Risk(7yf old) = 0.853*1.043**7 = 1.14
Risk (age yrs) = OR(ProheartG) * OR(Proheart6*age interaction)**age

In the allergic reaction multivariate logistic regression model, ProHeart 6, - ,
Heartworm Preventative 1, vaccines, NSAIDS, and glucocorticoids were all associated with an
increased risk of allergic reactlons vaccine had the greatest affect. However, each addltlonal |
dose of ProHeart 6 did not further increase the risk of allerglc events.

Multivariate models for the risk of cancer iridicatedvthatv ProHeart 6 was associated with a modest
increase in the risk of mast cell tumor. It is not clear why NSAIDs were associated with a 423%
increase in the risk of mast-cell tumor. Glucocorticoids were associated with a 182% mcreased
risk of lymphosarcoma, probably because glucocomcoxds are used as a treatment for this cancer.
None of the heartworm preventatives were associated with the risk of hlstlocytoma.

In the multivariate model for the risk of death, only Heartworm Preventative 1 was associated
with an increased risk (23%), whereas ProHeart 6 was associated with a 71% reduction in risk of
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death. There was no positive relationship between the number of ProHeart 6 doses administered
and risk of death (odds ratio = 0.910).

4.4.2.3 Temporal Trends in Event Rates

The rate of cancer, deaths Tiver disease, and allerglc reactlons were evaluated by quarter of the
year for ProHeart 6 and Heartworm Preventatlve 1, both wrth and w1thout vaccines, to determine
if AEs associated with ProHeart 6 increased during the 3 quarter of 2004, as suggested by the
FDA. No evidence was found to suggest that AE rates associated with either ProHeart 6 or
Heartworm Preventative 1, when used w1thout a vaccine, 1ncreased in the 3™ quarter of 2004. In
contrast, there was an mcrease in the 3" quarter of 2004 i 1n the rate of allerglc events assocrated '
with either ProHeart 6 or Heartworm Preventatlve 1 when admlmstered with a vaccine. )
Therefore, the increased rate of allergxc events may be explamed by 1 or more vaccines new to
the market in mrd-2004 that were used by Banﬁeld Vetermarlans and that caused an mcreased
rate of allergic reactrons when admlmstered with either ProHeart 6 or Heartworm Preventatlve 1
compared wrth admmlstratron of either of these heartworm preventatrves w1thout a vaccme

4.4.3 Discussion ‘

The results of these analyses involving almost 7 million dog encounters at Banfield clinics in the
US did not reveal any clinically significant increase attributed to ProHeart 6 use in the risk of
liver-related AEs, neurological disease, ocular disease, immune-mediated disease,-cardiovascular
disease, anaphylaxis, inflammatory bowel disease, or death, when compared with 2 commonly
used monthly oral heartworm preventatives. While ProHeart 6 was associated with an increased
rate of some liver-related AEs in the univariate analyses this increased rate was not found in
either the days at risk or in'the multlvarlate analysis. In contrast ProHeart 6, monthly heartworm
preventatives, and vaccines were all associated with a clmlcally srgmﬁcant increased risk of
allergic reactions in both umvanate and multlvarlate analyses especlally during the first few
days post-exposure.

~ The only potential AE studled that was independently as5001ated with an increased risk

~ following ProHeart 6 use in dogs was mast cell tumor. However, the absolute magmtude of the
risk of mast-cell tumor associated with ProHeart 6 alone (2.1 events per 10,000 doses
administered) or ProHeart 6 plus vaccine (1.9 events per 10,000 doses administered) was small.
In addition, there was no statistically significant dose response relationship between the risk of
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mast cell tumor and the cumulative number of doses of ProHeart 6 that a dog had received.
Compared with the rate of mast cell tumor in dogs that had received a vaccine alone (1.2 events -
per 10,000 doses administered), the rate of mast cell tumor in dogs that had received ProHeart 6
plus a vaccine (1.9 events per 10,000 doses admrnrstered) does not appear to be chmcally
significant. There is no known mechamsm that would explam how ProHeart 6 or any other
heartworm preventative induces or promotes mast cell tumor in dogs especrally wrthm 30 days |

of its admmlstratron

Evidence was presented to show that the number of AEs assocrated with ProHeart 6 use
increased in the 3" quarter of 2004 compared with prevrous quarters However this increase
primarily involved allerglc reactrons was also observed in dogs that had received monthly oral '
heartworm preventatives, and was restrlcted to dogs that srmultaneously received a Vaccme ‘ ’
These ﬁndmgs suggest that any observed 1ncrease in adverse events assocrated wrth heartworm
preventatlves in the 3rd quarter of 2004, were llkely due to one or more vaccmes that Were given
with heartworm preventative drugs. Since nearly two-thirds of the heartworm preventatrve drugs
studied were administered simultaneously or in close proximity with a vaccine, and since
vaccines are generally associated with a higher rate of allergic reactions than are heartworm
preventative drugs, AE reports involving administration of ProHeart 6 or other heartworm

- preventative drugs must be interpreted cautiously and take into account a dog’s vaccine history.

'44.4°  Conclusions

In summary, the safety proﬁle of ProHeart 6 appears srmllar to that of 2 commonly used monthly 4
oral heartworm preventatives. The results of this study provrde no support for the withdrawal of "
ProHeart 6 from the veterinary market Lack of compllance is recogmzed asa common reason
for lack of efficacy for both human and vetennary drugs Since the likelihood of exposure of
dogs to Dirofiliaria immitis infected mosquitoes is common durmg many months of the year,
drugs are needed that prevent heartworm infection for an extended period of time, thus obviating
the need for owners to remember to retreat their dog. The results of this study indicate the risks
associated with ProHeart 6 use are few and similar to that for monthly oral heartworm
preventatives that only offer protection from heartworm mfectron for a perrod of 30 days.
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4.5  Field Efficacy

4.5.1  Overview

While the clinical efficacy of ProHeart 6 has been estab]ished:in controlled laboratory and field 4'
studies, evaluation of efﬁéacy nnder conditions of commercial nse after launch can be‘
complicated by many confounding factors. These include heartworm testing protocols, the age
at which dogs commence a ProHeart 6 program and trmmg of change from other prophylaxis to
ProHeart 6.

Products for heartworm prophylaxis have been available in veterinary medicine for decades,
initially as daily oral treatments; later, a range of monthly oral and topical treatments were
introduced with ivermectin, selamectm or m1lbemyc1n ox1me as the actlve mgredlent 235 Some
breeds of dogs exhibit toxic signs at doses of ivermectin and/or mllbemycm oxime that are wel]
tolerated in most other breeds, and a genetic basis for this sens1t1V1ty hasbeen
identified,-535455,5657,58,59 Moxrdectm can be used safely in these breeds based on FDAH

clinical studles

4.5.2 Compliance )
A high level of efficacy is found with these therapeutic options in controlled studies. However,
under field conditions; an irrcreasing incidence of heartworm infections in dogs in the US in the
1990s was reported with approximately 240,000 dogs testing heartWom positive in 2001.
Surveys of dog owners have shown that compliance (ie, reliable admmlstratron of monthly
treatments by owners) is problematlcal Despite reminder systems such as calendar stickers, a
survey in the US in 2000 found that >80% of partrcrpants had farled on multiple occasions to
give their dogs the month]y preventative on the indicated day, and about one-third of part101pants
‘completely missed the monthly dosage Approxrmately one-fifth of the participants had missed
giving their dogs the month_ly oral heartworm preventative and then ,s_topped altogether.%
Another survey conducted in 2001 found that only 55% of dog-owning _households in the US
were using heartworm prevention, which was down from a high of 66% in 1998, despite
heartworm having been diagnosed in all states.®’ Similarly, Yabsley et al. reported an increased
prevalence of heartworm in shelter dogs in South Carolina in 1999-2000 (12.7%) versus 1991-
1992 (8.7%).%? Compliance with dosing schedules is a limiting factor in the control of

heartworm infections in the dog population.
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Several years ago, Cummings et al. demonstrated that clinic complionce failure is generally
higher than predicted by individual hospitals before their records are examined. 8 A veterinary
practice survey conducted by Fort Dodge veterinary technicians at Mrchrgan State in 2004
showed a similar picture.** Compliance was better with ProHeart 6 than with the other
heartworm preventatives studied. Average comphance was 58% for ProHeart 6 (11 cllmcs),

45% for Heartgard Plus (the most widely used preventatrve)(l6 clmlcs), 50% for Sentmel (6
clinics), and 37% for Interceptor (3 clinics). '

Moxidectin is a poor substrate for P glycoprotem compared wrth other macrocycllc
lactones.”%*%¢ It can be used safely in ivermectin sensmve Collies. It is effective i in the face of
ivermectin resistance in nematodes. Addmonally, recent work has demonstrated that with use of
moxidectin, unlike some other compounds animals are not more susceptible to mfectron with
filariid parasites after product withdrawal.®” This provides an add1t1onal safety factor if owners
are late in retummg for treatment. Moxidectin has retroactive activity agamst D. immitis larval

stages for 3 months, again providing a safety factor, if owners are late in returning for treatment.

/

4.5.3  Field Efficacy from 2001 to 2004

Field experlence with ProHeart 6 i in the US is limited to the time period from June 2001 to
August 2004. There is a time-lag between mfectlon and the first possible heartworm dlagnosrs
of minimally 5 to 6 months. Therefore, the field evaluatlon of ProHeart 6 efficacy essentially
spans the years 2002 to mid 2004. Provmg “lack of efficacy” of any heartworm preventative
product in client-owned dogs is inherently difficult, unless the dog is started on a prevention
program at 6- to 8-weeks of age, remains on the product year—round for life and clinic records
indicate the owner acqurred the recommended number of doses. With orally or toprcally
administered products one is seldom confident the owner properly administered all of the doses
Owner compliance is greatly improved with ProHeart 6 but switching products tends to
complicate the picture. To prove with reasonable confidence that a new product is completely
effective, the dog must be tested prior to sWitching products and within 4 months later. If the
dog is heartworm positive during this 4-month period, the original product failed. If the dog is
positive durmg the next few months, it is virtually 1mpos51ble to determine whether the dog was
infected before or after switching products. Voluntary reports of product inefficacy to FDA are

summarized in Table 4.5.3-1.
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Table 4.5.3-1. Voluntary Reports of Product Inefficacy Against Larval Heartworm -

- Active 2001 2002 2003 2003 Market Share -
IVM © 16 - 108 13 T 6%

IVM+PYR 21 195 137 - 37%

MILB 0 0 748 21%
MILB+LUF 0 0 347 8%

SEL .16 162 . 88 4%

ProHeart6 ~ 0* 70 196 | 24%

* indicates year of launch

IVM = ivermectin; PYR = pyrantel MILB mrlbemycm oxrme LUF—lufenuron SEL selamectm

The 2003 market share 1nformat1on 1s mdrcatlve of the numbers of dogs treated and provrdes
context when 1nterpret1ng the 51gn1ficance of the number of reports When ProHeart 6 1s
compared with the market leaders the ad_]usted efﬁcacy rates for 2003 (When market share
information is avallable) are equlvalent or lower than ivermectin plus pyrantel or mllbemycm

The overall reportmg rate for ProHeart 6 is low at 1 report per 41, ,000 doses through marketmg
year 2003. Further, only 10% have a h1story that Justrﬁes class1ﬁcatron asa potential efﬁcacy
concern. The majority are thought to be associated with a mrsunderstandlng of the heartworm
life cycle in relation to testing procedures and llmrtatlons - When potential dosing errors,
administration errors, and m1x1ng and storage errors are cons1dered the low reportmg rate of
failures in effi icacy appears to be w1thm acceptable parameters

FDAH guarantees the efficacy of ProHeart 6 as a preventative for heartworm disease. This
program encourages veterinarians to contact the company about potential concerns related to o
cefficacy. When received, these reports are submitted to the FDA unfiltered. Based on unfiltered
reports and doses sold, regardless of whether FDA or FDAH reports are consrdered ProHeart 6
delivers a hlgh level of efﬁcacy under field use conditions.
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454  Tuskeegee University Experience with ProHeart 6

Tuskegee University is located in Macon County, in eastern Alabama. It is a teaching hospital
and unlike some universities which are predominantly referral centers, Tuskegee operates largely
as a community practice. Most pets in the area receive their primary care at this hospital, so it is
reflective of the population of dogs receiving preventative care, rather than specialist or tertiary

care levels.

4.54.1 Retrospectwe Study: Tuskegee Umversrty School of Veterinary Medicine
The effectiveness of heartworm preventatives in this endemrc area was studied durmg the perrod
of 2000-2004 (unpublished data).®® In 2001, 97.7% of the dogs on a heartworm preventatrve
received an oral product, while 1.0% received ProHeart 6. By 2004, 82.9% received an oral

" product and 17.1% received ProHeart 6. During this time, the percentage of héartworm-positive
dogs dropped from 14.0% (of 898) to 5.8% (of 833), and the percentage of dogs treated with
Immiticide dropped from 5.2 to 3.0. More 1mportantly, at no time was any dog recervmg
ProHeart 6 dragnosed as heartworm—posrtlve ‘while dogs on the oral products accounted for
15.8%, 29. 4%, and 50.0% of the dogs that received a first, second, or third Immrtrcrde treatment,
respectrvely Thls study also reviewed owner complrance in a Timited number of dogs ‘that
received Immiticide treatment. Of the 100 dogs studied, 61.5% of the dogs receiving ProHeart 6
were up-to-date on purchasing their heartworm product, while only 17.2% of those on oral
products were complrant Furthermore it is known that 100% of the dogs on ProHeart 6
received thelr fu]l treatment whereas the number of oral doses’ admrmstered is not known. -

While this study represents a limited number of dogs, it supports the position that ProHeart 6 is
highly effective in préventing heartworm mfeotron and along with increased owner compllance
has led to a decrease in the number of dogs requrrmg Immiticide treatment. '

These results indicate that ProHeart 6 introduction into the canine heartworm preventatrVe
market is heiping to achieve the desired goals. :‘By overcoming the;problerns with owner
compliance with monthly dosmg, ProHeart 6 not only protects the’ 1nd1v1dual dog to which it is
administered, but also prov1des the veterinary professional wrth an 1mportant medicine to reduce

the prevalence of heartworm in the canine population.
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6.0 APPENDICES

APPENDIX 6.1

MOXIDECTIN OVERVIEW

Pharmacology — Mechanism of Action

The mechanism of action of moxidectin is multifaceted and continues to be evaluated in
laboratory studies. Moxidectin has been shown to have activity at the y-aminobutyric acid
(GABA)-A receptor-chloride channel complex resulting in an influx of chloride ions and
hyperpolarization of cell membranes’. This hyperpolarization causes the nerve fibers to be less
excitatory and results in paralysis and death of the parasitic organism. The specificity of
moxidectin for the parasite versus the mammalian host results from 1) this compound having low
affinity for mammalian GABA-gated chloride channels®, and 2) the observation that GABA-
containing neurons and receptors are found in mammals in the central nervous system, whereas
in arthropods and nematodes these are found in the neuromuscular junctions of the peripheral
nervous system and thus are more accessible to a blood-borne therapeutic. Another proposed
mechanism of action for moxidectin is through activity at glutamate-gated chloride ion channels
also resulting in paralysis and death of the organisms3 4

In dogs, the approved, oral monthly dosage of moxidectin for prevention of heartworm is 3
ng/kg; the approved subcutaneous (sc) dosage of moxidectin as ProHeart 6 is 0.17 mg/kg

administered every 6 months.

Pharmacokinetics and Drug Metabolism
A series of studies was conducted in various animal species to characterize the absorption,

distribution, metabolism, and excretion of moxidectin after oral administration. In rats,
moxidectin was absorbed at a moderate rate, with a mean time to peak concentration (tmax) of

4.8 hours’. The bioavailability of mox1dect1n was moderate at 19% and the apparent terminal
half-life (t;2) was long (22.9 to 44. 6 hours). After intravenous (IV) administration in rats, the
clearance of moxidectin was low and the steady-state volume of distribution (Vdss) was high,
indicating that the compound is widely distributed to tissues. In beagle dogs after an oral dose of
90 ng/kg moxidectin in tablet form, the peak concentration (Cpax) was 29.8 ng/mL with a tyay of
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8 hours and a serum half-life of 8.1 days6. A single sc injection of the approved dosage of 0.17
mg/kg moxidectin as ProHeart 6 to beagle dogs resulted in a serum Cpax of 5.1 ng/mL, a tyax Qf 7
to10 days, an AUCo.. of 217 ng=day/mL, and a half-life of approximately 35 days®. vMoxidect'in
did not accumulate in the serum of dogs after injection with ProHeart 6 once every 6 months for
a total of 6 injections®. A recent study of the administration of moxidectin once in the diet to
female dogs at 45 ppm (corresponding to approximately 1 mg/kg as used in the 1-year
toxicology study) resulted in a Cmax, AUCy..,, and half-life values of 290 ng/mL,

678 ngeday/mL and 8.3 days, respeqti?e,ly. Administration in the diet at this same level for 21
days to dogs resulted in a plasma concentration of 278 ng/mL approximately 24 hours after the . -
previous feeding (ie, trough level). The previous 2 ongoing diet pharmacokinetic studies in the
dog, and an ongoing 28-day pharmacokinetic study in rats by the diet route were initiated '
because of FDA concerns regarding the safety of ProHeart 6, and to document the high degree of
systemic exposure to moxidectin achieved in the toxicology studies conducted by the diet route.

After oral administration in rats, the major site of m(;xide'ctin' distribution was fat’. The 3 in fat
was 11.5 days. Moxidectin represented the major component of total radioactivity in tissues and-
feces, and was primarily eliminated through feces (60% to 91% of the recovered dose over

7 days)’. Studies in other species such as cattle, sheep and horses have confirmed the

distribution of moxidectin primarily to fat and the fecal route of excretion’. Six (6) metabolites -
were isolated from rat liver and fecal samples, none of which accounted for more than 10% of
the radioactivity in tissue samples collected from animals 7 days after dosing®. Therefore, these -
metabolites are not of toxicologic concern because of the low levels observed. Similarly limited
metabolism was noted in cattle, sheep and horses’ and in rat and human liver microsomes® where

the metabolites were characterized as hydroxylations at various positions.

In human liver microsomes, there was no significant inhibition of selected cytochrome P450
(CYP) enzyme activities (CYP2A6, CYP2C8, CYP2C19, CYP2D6, and CYP3A4) at the highest
substrate concentration used (100 pM)’. Human CYP enzymes were used in this study since
they are the best characterized. Based on plasma concentrations at efficacious doses and the high
substrate corncentrations, clinical metabolic drug-drug interactions for all the CYPs tested are

unlikely to occur.
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P-glycoproteins (P-gps) are transmembrane proteins which transport a wide variety of
endogenous and exogenous molecules across cell membranes. Moxidectin, as do other
macrocyclic lactones, acts as a substrate for P-gps'®. This mechanism has been found to be of
clinical importance in the development of nematode resistance to ivermectin and plays a
significant role in breed sensitivity'". A mutation in the P-gp gene of ivermectin-sensitive Collie
dogs has been shown to be responsible for ivermectin-induced CNS toxicity'?. Moxidectin,
however, was well-tolerated by these ivermectin-sensitive dogs. ‘Moxidectin transport, therefore,
is less dependent on P-gp and subsequent tox101ty is less llkely to be altered by factors which =
alter P-gp activity. o ' ' o

Toxicology ' :
The toxicologic profile of moxidectin admmlstered by the oral route has been well established.

This profile is relevant to other routes of administration because of limited metabolism of
moxidectin in the body and an understanding of its pharmacokinetics by different routes of
administration. The toxicologic program for moxidectin was reviewed during the 45" meeting
of the Joint Expert Committee on Food Additives® and was subsequently published7, In |
addition, this toxicology program was deemed sufficient by regulatory authorities to prdceed
with Phase 1 trials of oral moxidectin in normal, human volunteers in preparation for efficacy
studies in people in countries where onchocerciasis is endemic. The toxicology studies were
conducted in accordance with Good Laboratory Practice (GLP) regulations. /

In Vitro Side-Effect Profiling .
Moxidectin and moxidectin microspheres (as present in ProHeart 6) were recently tested in vitro
for binding activity at 64 different biological receptors', based on some of the safety concerns
raised by the FDA. This assay is.commonly used in drug discovery and development to identify
any ancillary pharmacologic activities of a molecule which may result in undesirable biological
effects. A final concentration of 10 ng/mL moxidectin was tested, which is approximately two-
fold the average Cpayx value in serum of dogs after a subcutaneous injection of ProHeart 6 at the
clinical dosage of 0.17 mg/kg. The receptors tested included those for neurotransmitters and
neurotransmitter-related receptors, ion channels, steroids, second messengers, prostaglandins,
growth factors/hormones, brain/gut peptides and enzynxes. Moxidectin in either form did not
significantly inhibit the binding of appropriate radio-ligands to these receptors, indicating a lack
of binding activity for moxidectin. These results are consistent with the absence of undesirable
pharmacologic and toxic effects of moxidectin in animal studies at plasma levels many fold those
required for efficacy.
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Single-Dose Studles : ,
Single-dose toxicology studies of mox1dectm were conducted to assess effects aftera smgle ,
administration of large doses in the event of accidental overdose and to assist in selection of dose
levels for subsequent repeat-dose toxicology studies. In single-dose toxicity studies of mice and .
rats given moxidectin orally, the median lethal dosage (LDso) values were 118 mg/kg in male
mice', 42 to 78 mg/kg in female micem’” and 122 and 97 mg/kg in male and female rats'®, \
respectlvely After a single sc dose, LDsy values were 285 and 247 mg/kg in male and fema]e
mice"’ , respectively, and > 640 mg/kg in rats”. Common chmcal signs in these studies were -
decreased activity, tremors, and prostration. The decreased toxicity with sc dosing is likely the
result of a lower Cpax and daily exposure, albeit of longef duration, as compared to oral gavage .-
dosing. These studies demonstrate a large margin of safety. for ProHeart 6 in which the approved
sc dose in the dog is 0.17 mg moxidectin/kg, less than 3700-fold the lethal sc dose in the rat.
Field results from the accidental and sometimes intentional overexposure of dogs orally to
moxidectin likewise demonstrate a large margin of safety. Oral overdoses occur when a product
intended for use in horses is administered to dogs. In these cases, the dogs can receive upto a
63-fold higher dose orally (e, 10.7 mg/kg) than the 0.17 mg moxidectin/kg when given sc as
ProHeart 6, but in most cases the actual dose. 1s not known. From 1997 to 2004, FDAH received
approximately 250 such cases. In all cases the events were characterized by a .widc range of
neurological symptoms. In those cases where FDAH was informed, the dogs had typical
hematology or serum panels. In 90% of these cases, the animals fully recovered whereas the
remainder died. These cases demonstrate that neurological symptoms induced by high, oral
doses of moxidectin in dogs are typically survivable without any nonneurologic toxic effects.

Repeat-Dose Studies v
Repeat-dose oral (diet) toxicity was evaluated to assess more long-term consequences of
repeated, dally oral exposure to moxidectin. The objectlve of these studies was to dose the
animals high enough to 1dent1fy potent1a1 toxic effects, and to 1nclude lower doses so as to assess
a dose-response relationship and identify a dose without significant adverse effects (i.e., No-
Observed-Adverse-Effect-Level; NOAEL).
The following studies were conducted: 4-week studles in mlce rats, and dogs; 13—week studies
in rats and dogs, and a 1-year study in dogs. Moxidectin was administered in the diet providing
for a continuous exposure for the duration of each study, which is a significant exaggeration of
the exposure of dogs to one sc dose of 0.17 mg moxidectin/kg as ProHeart 6 every 6 months.
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Evaluations consisted of mortality, clinical observations, body weight, food consumption,
hematology, clinical chemistry (except mice), organ wéights, and macroscopic and microscopic
examinations of organs and tissues. Ophthalmic examinations and urlnaly31s were also included
in the dog studies. ' '
Mice :
In the 4-week study in mice, doses in the diet were 33.7, 75, 100, 125, and 150 ppm2'. Mortality
occurred at > 75 ppm. Microscopic examination did not reveal the cause of death in these
animals. Clinical observations were tremors, hypersehsitivity'tb touch, and urine-stained fur at> -
75 ppm. Body weights and bodineight gains were decreased at > 100 ppm. There were no™
other compound-related effects. Based 6n mortahty, the no- -observed-adverse-effect-level
(NOAEL) was 33.7 ppm (6 9 mg/kg/day) ' o ‘ )

Rats -

In the 4-week study in rats, doses in the diet were 100, 200,400, and 600 ppm?>. Mortality
occurred at >200 ppm and resulted from anorexia based on microscopic examination. Clinical -
observations included ataxia, tremors, salivation, piloerection, and diuresis at > 200 ppm, as well
as decreased body weight, body-weight gain, and food consumption. There were no other '
compound-related findings in rats that survived the study Based on mortahty, the NOAEL was
100 ppm (12.2 mg/kg/day). R ‘ '

In the 90-day study in rats at diet doses of 25, 50, 100 and 150 ppm, mortality occurred for 3
females at the highest dose, 150 ppm®. Microscopic examination did not reveal the cause of
death for these animals. Clinical observations included hypersensitivity to touch at 100 ppin, and
lethargy, anorexia, aggressive behavior, loss of righting reflex, ataxia, tremors, and urine-stained
coat at 150 ppm. Body weight and body-weight gain were decreased in males at 100 ppm or
more and in females at 150 ppm. Food consumption was decreased in males and females at 150
ppm. Adrenal gland and kldney welghts were mcreased in females at > 100 ppm, but there were -
no compound-related macroscoplc or mlcroscoplc ﬁndmgs in these or any other organs or
tissues. The NOAEL was 50 ppm (3.9 mg/kg/day).

Dogs

In the repeat-dose toxicity studies in beagle dogs, ophthalmic examinations and urinalysis were

also included for evaluation of potential toxic effects.
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In the 4-week study, there was no mortality at doses in the diet of 20, 80 and 160 ppm24. The
dose of 160 ppm was toxic, based on debilitating clinif:al observations, and the dose was reduced
to 50 ppm. Clinical observations inclﬁded tremors, languid appearance, ataxia, emesis, and
mydriasis at > 80 ppm. Testes weights were decreased at > 80 ppm. Microscopic findings were
decreased spermatogenic activity at > 80 ppm and decreased colloid in the thyroid gland in males
at 80 ppm. These findings may have been related to variations in age of maturation (study dogs
were 5 to 6 months old at study termination) -and were not seen in the 1-year toxicity study in
dogs. Based on the testicular findings, the NOAEL in this 4-week study was 20 ppm

(0.8 mg/kg/day).

In the 90-day toxicity study in dogs at diet doses of 10, 30 and 60 ppm, there was no mortality
and clinical observations included lacrimation at > 10 ppm, 1ai1guid appearance and tremors at 10
and 60 ppm, thin appearance at > 30??“_" and slight salivation and slight ataxia at 60 ppm>. A
60 ppm, alanine aminotransferase (ALT) was increased in 1 male and 1 female, and serum
alkaline phosphatase was increased in 3 males and 3 females compared with pretreatment and/or
control values (increases were small in magnitude and not toxicologically significant). However,
there were no compound-related macroscopic or microscopic changes in the liver or any other
tissues or organs. Based on the absénce of toxicologically significant findings at any tested
concentration, the NOAEL in this 90-day study was 60 ppm (1.6 mg/kg/day).

In the 1-year toxic'ity study in dogs at diet doses of 10, 20 and 45 ppm, there was no mortality®.
Decreased ovarian weights were observed at 45 ppm; however, the absolute weights were within
reference or historic control ranges and the decreases were not considered to be biologically
important. There were no compound-related effects on clinical chemistry or hematology
parameters, and no compound-related microscopic findings. Based ’onbth‘e absence of
toxicologically significant ﬁndi_ngs at any tested concentration, the NOAEL in this study was 45
ppm (1.1 mg/kg/day). |

Interim analysis at day 21 in an ongoing 28-day diet pharmacokinetic study of moxidectin in
dogs at a concentration of 45 ppm in feed (approximately 1 mg/kg, the NOAEL in the 1-year dog
toxicity study) revealed a serum concentration of 278.5 ng/mL 24 hours after the preceding dose
in feed (ie, trough level). This concentration is not yet at steady state, but would correspond to a
daily AUC of 278.5 nged/mL which would represépt the minimal daily exposure to moxidectin
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for most of the duration of the 1-year toxicology study in dogs, or an AUC of 50826 ng.day/mL
over a 6-month beriod the retreatment interval for ProHeart 6.. This value is approximately 234-
fold the AUC ¢, (217 nged/mL) observed for moxidectin aﬂer a single sc dose in dogs of
ProHeart 6. : :

Carcinogenicity Studies

Mice
A 2-year carcinogenicity study was conducted in male and female mice at diet doses of 15,30,
and 60 ppm (lowered to 50 ppm due to high mortality at week 9)*”. Mortality was mcreased in
females at doses of 60/50 ppm during the last 13 weeks of the study. There were no
compound-related findings in hematology values, organ welghts or at macroscopic or
microscopic examination. There was no evidence of moxidectin-related target-organ toxmty or’
tumorigenicity. S

Rats -

A 2-year carcinogenicity study was conducted in male and female rats at diet doses of 15, 60 and
120 ppm (lowered to 100 ppm due to high mortality in females at week 8)*%. There were no -
compound-related findings for hematology values, organ weights or at macroscopic or
microscopic examination; there was no evidence of mox1dect1n—related target-organ toxmty or
tumorigenicity. ‘

Reproductive and Developmental Toxicity Studies

Reproductive toxicity was evaluated in developmental studies of rats* and rabbits*® dosed orally
by gavage and in pilot’' and definitive® multigeneration diet studies. Maternal toxicity was
evident at >10 mg/kg/day in the rat developmental study, 125 ppm (calculated dosage averaging
between 10.9 and 12.0 mg/kg/day) in the rat pilot multigeneration study, and at >5 mg/kg/day in

- the rabbit developmental study; the toxicity consisted primarily of decreased body weight and/or
food consumption. At maternally toxic dosages (> 10 mg/kg/day) in the rat developmental study
only, there were statistically significant increases in the humber of fetuses with malformations
and/or variations, largely reflective of increases in cleft palate and reversible delays in
ossification. There was decreased fetal and/or pup survival at 10 mg/kg/day in the rabbit
developmental study and at doses of >10 ppm (calculated maternal dosage of > 0.8 mg/kg/day)
in the rat pilot 1-generation and 3-generation studies. The reproductive NOAELSs were
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5 mg/kg/day in both the rat and rabbit developmental studies and was 5 ppm (0.4 mg/kg/day) in
the rat 3-generation study. Therefore, moxidectin was not considered teratogenic in these
species. This conclusion is consistent with that of the FDA Center for Veterinary Medicine,

- which concluded that moxidectin is neither a selective developmental toxicant nor a teratogen in
rats or rabbits. ,

Genotoxicity Studies :

Moxidectin was tested for genotoxicity in 4 in vitro and 2 in vivo universally recognized test
systems. These assays assessed the ability of moxidectin to caus gene mutations, chromosome -
damage, and increased DNA fcpair ‘which may be related to the carcinogenic potential of the test
article. Moxidectin was negative in the following assays for genotoxicity: bacterial reverse
mutation assay in Salmonella typhimurium (strains TA98, TA100, TA1535, TA1537, and
TA1538) and Escherichia coli (_WP-Z uvrA_-)3 3 ; mammalian cell mouse lymphoma (L5178Y

~ thymidine kinase) :assay34; chromosome aberration assay in Chinese hamster ovary cells®>;
unscheduled DNA synthesis assay in primary rat hepatocytes®; in vivo micronucleus assay in
mouse bone marrow cells37; and the in vivo chromosome aberration assay in rat bone marrow
cells®®. The in vivo studies wcré conducted using the oral route of administration. The results
from these studies indicate' that moxidectin is not a genotoxic compound.

Experience with Oral Moxidectin in Human Yolunteers

A study in healthy, male volunteers was conducted to assess the pharmacokinetics and safety of
moxidectin given orally as part of the development of this compound for treatment of
onchocerciasis in humans®. A total of 37 subjects in this study were treated with single doses
of 3 mg to 36 mg (approximately 50 ug/kg to 600 pg/kg). The t); ranged from 19.9 to 37.4
days, the Cinay at 36 mg was 296 ng/mL, and the distribution of moxidectin was extensive, as
indicated by a large apparent volume of distribution. The Cpay observed for humans dosed orally -
with 36 mg moxidectin was 59-fold the Cynax observed in'dogs dosed sc with the clinical dosage
0f0.17 mg/kg moxidectin as ProHeart 6, and exposure (based on AUC) was approximately 6-
fold the exposure in dogs administered ProHeart 6. '

There was no significant relationship between the overall number of adverse events and the dose
of moxidectip administered. Safety assessments indicated that moxidectin was safe and well
tolerated, with a slightly higher incidence of transient, mild, and moderate central nervous
system adverse events (dizziness and somnolence) as compared to placebo. There were no
clinically significant changes in vital signs, clinical chemistries, physical examinations or
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electrocardiograms. The conclusion was that moxidectin was safe and well tolerated in humans
after single, oral doses of 3 mg t0 36 mg. '

Conclusions

Moxidectin is a potent antiparasitic therapeutic that acts to paralyze susceptible organisms
through activity at GABA- and glutamate-gated chloride ion channels. Moxidectin has a long
half-life, a high volume of distfibution (predominantly distributing to fat), shows little
metabolism, and is excreted primarily in the feces. These characteristics of moxidectin appear
constant across the mammalian species studied, including humans. In single-dose toxicity
studiés, the lethal sc dose in rats was more than 3700-fold the efficacious dose of moxidectin-
given as ProHeart 6 to dogs. In repéat-dose diet toxicity studies in mice,rats, and dogs of
durations up to 2-years in'mice and rats, and 1-year in dogs, no target organs of toxicity were
identified. There were no significant adverse histologic or biochemical effects on any organ
system including the cardiovascular, gastrointestinal, hepatobiliary, genitourinary and central. -
nervous systems. There were no proliferative lesions identified in any tissue which may signal
the development of neoplasia, and no increase in tumors in mice or rats. The toxicity of
moxidectin mahife'sted itself at high doses in clinical signs such as lethargy, ataxia, tremors and
mortality (rodents only) with concomitant decreases in food consumption and body weight.
Such clinical signs of hypoexcitation are expected and are consistent with-an eXaé'gerated
pharmacologic effect of moxidectin mediated via the GABA-receptor. Moxidectin was not
genotoxic or carcinogenic, and was without reproductive or developmental toxicity. The
NOAEL in the rat 2-year study was 12.2 mg/kg/day; the NOAEL in the dog 1-year study was 1.1
mg/kg/day. : ' '

Based on ongoing pharmacokinetic studies in the dog, a single dose of moxidectin in the diet at
approximately 1 mg/kg (NOAEL in the 1-year dog study), when extrapolated to infinity, results
in an overall exposure over 3-fold that of a single SC dose of ProHeart 6. Repeated dosing at
this level resulted in an estimated daily exposure at least 1.3-fold the total exposure observed
after a single SC dose in dogs of ProHeart 6 (AUC)4ay of 278.5 versus AUCo 0f217
ngedays/mL, respectively). The total exposure over the duration of the 1-year study, therefore,
“would be approximately 365 times the daily AUC, or more than 450-fold a single SC dose of
ProHeart 6. Moxidectin was also found safe in a human clinical trial after a single oral dose of
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36 mg, which resulted in a Cpay and AUC approximately 59- and 6-fold, respectively, that was
observed in dogs dosed SC with the clinical dosage of 0.17 mg/kg as ProHeart 6.

Based on the toxicology studies of moxidectin where the dose, dosing duration, and resulting
systemic exposure to moxidectin were significantly exaggerated without inducing significant
adverse effects, the single, clinical sc administration of 0.17 mg moxidectin/kg as ProHeart 6 to-

dogs would be predicted to be without significant adverse effects.
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Study conducted by Hazleton Lab_orato_rl_es America, Inc., Vienna, VA. HLA Study
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Schulze GE. One-year dletary tox101ty study in purebred beagle dogs with AC

- 301,423. Study conducted by Hazleton Washington, Inc., Vienna, VA. HWA Study

362-200. American Cyanamid Protocol Number 971-88-175, 1991..

- Goldenthal EI. Chronic dietary toxicity and oncogenicity study with AC 301,423 in

mice. Study. conducted by International Research and Development Corporatlon
Mattawan, MI. Study Number 141 031 American Cyanamid Protocol Number
971-89-155, 1992.

~Zoetis T. Chronic dietary tox1c1ty and oncogemclty study with AC 301,423 in rats.

Study conducted by Hazleton Washington, Inc., Vienna, VA. HWA Study 362-202. 7
American Cyanamid Protocol Number 971-89-156, 1992.

Lochry EA. An oral developmental toxicity study with AC 301,423 in rats. Study
conducted by Argus Research Laboratories, Perkasie, PA. Argus Report
Identification Number 101 -007. American Cyanamid Protocol Number 971-89-139,
1989. R : .
Hoberman AM. A developmental toxicity (embryo-fetal toxicity and teratogeniciiy)

definitive study with AC301,423 in rabbits. Study conducted by Argus Research

Laboratories, Inc., Horsham, PA. Argus Protocol Number 101-006. American
Cyanamid Protocol Number 971-88-158, 1989.

Schroeder RE. A pilot one-generation (two litters) reproduction study with AC
301,423 to rats. Study conducted by Bio/dynamics, Inc., East Millstone, NJ. Project
Identification Number 88-3388. American Cyanamid Protocol Number 971-88-176,
1991.

Schroeder RE. A three-generation (two litters) reproduction study with AC 301,423
to rats. Study conducted by Bio/dynamics, Inc., East Millstone, NJ. Projectb
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Cyanamid Protocol Number 9971-98-147, 1999. - '
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Study conducted by SITEK Research Laboratories, Rockville, MD. SITEK Study

Number 0504-3110. American Cyanamid Study Number 971-98-131, 1999.

Curren RD. Unscheduled DNA synthesis in primary rat hepatocytes with AC
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APPENDIX 6.2

BIOGRAPHICAL SKETCH

Namc: “Title: ' Birthdate:

Alexander de Lahunta James Law Profcssor of Anatomy 3 December 1932

Education: ’ » R . _
Comell University DVM 1958 Veterinary Medicine '
Comell University PhD 1963 o Yetonnary Anatomy
Profcssicmal Bxpetencs:

Velerinary Practice 1958-1960: Concord N.H. Faculty member in Department of Anatory, New
Yurk State Callege of Vetcrinary Medicine, Cornell Univessity 1960 to date; Chainnan -
Department of Chinical Sciences 1977- 1986; Chainnai - Departiment of Anatonty 1986 to
1991; Consultunt in clinical nevrology to Teaching Hospital 1963 Io date; Diplomat -
Neurology Specialty - American College of Velennary Intemil Medicine,
Jamey Law Professor of Anatomy, 1992

Awards: :

National Teaching Awand - Basic Scicnces: Student AVMA 1991
Norden Teaching Award - 1973, 1984, 1992, 2001 ) v

ACVIM Dr. Robert W, Kirk Distinguished Service Award, 2000
Honorary Member - American College of Vetetinary Pathologisis, 2002

Correlation of clinical neurological signs with specific snsitomic locations of lesions in nervous
sysiem, . v ; e

Establishment of reliable tats to differentiate between the various diseases that affect the nervous
system in the different species of domestic animal.

Recognize and publish new discuscs of the acrvous system.

Rocognize diseases of the nervons system of domestic animals that are models For similar diseases
in man, _

Texthook Publications: _
Evans, ILE. & de Lahunla, A. - Miller’s Guide to the Dissoction of the Dog, 5th edition. 2000,
W.B. Saunders Co., PPhif.

dc Lahunta, A. - Veterinary Newtoanatomy and Clinical Neurology, 2nd. edition. 1983, W.B,
Saunders Co., Phil,

Noden, . and A. d: Lshuuta - The Embryology of Demestic Animals, Developmentat
Mechanisims and Malformations 19835, Williams & Wilking, Ballimore.

de Lalunta, A. and R.E. Habel - Applied Veterinary Anatomy 1985, W.R. Saunders, Phil.
Summers, B.A_, LK. Cummings and A_ de Lalnnta — Veterinary Neuropathology 1995,
Mosby, St. Lunis

260 Publications in refereed journals.
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January 3, 2005

hine R sibilities:
Rlock I Lectures, Taiu:u‘, Gross dissection labs, Rﬂéxdogy labs. CSeyt Nov}

Vet Med S21: Neiroanatomy and Clinical Neurology o
Entirely my respensibility, first 8 weeks of spring semester,

Block V: Applied Anatomy tught throughout most of Block ¥ li::mughwt the Iatter hialf of
the spfmgscnmranddi Gfﬁmfai} seInester.
?\eumpattmlmy =12 hours, last 3 weeks of fall semester.

Vet Med 606 Advanced Ne}amdagy témgjﬂ wwice, in both of the last two qumczs of the spring
,smmz:r . :

Neutopsihﬁiogy St:mmm One !mur pex wmk ail year Pmmniy far gmimfo«gy res:dems. ’_ ‘
Clinical Mearology Rx;uad& 12 Iumr& ger wmk all year.
Consuliant 1 the Teaching Hospital for neurology patients:

Examine patients daily, all year long. This is done early sach morming and ofien attended hy
interested stndents.

! regnlarly recsive nervons ssus From pmmtwnms and ;aatbolowtsts for smdy or consultations and
videotapes from practitioners and owners for stedy and diagnosis. My lab is setup
for blocking these nervous tissues and photogmphing the lesions. Tissue seetions
are cut and stained by the histology lab in the pathdlogy scction,

1 study these ssctions and veport results 1o the contributor, This is a valuable source of material for
the teaching program both at the DYM and resident level am’t hasled to the
discovery of many pew disorders,
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APPENDIX 6.3

REBAR, ALAN H., DVM, PhD, DACVP - 1105

EDUCATION
DVM, 1973, Purdue University
Ph.D. (Clinical Pathology), 1975, Purdue University

Internship/Residency (Pathology), 1976, Purdue University ,
Diplomate — American College of Veterinary Pathologists (Clinical Pathology), 1978

EMPLOYMENT

July 1996 - Present Dean, School of Veterinary Medicine, Purdue Umversny B

July 1989 — June 1996 Assocrate Dean for Research School of Vetennary Medrcme Purdue

_ | B | ‘ Umversrty

July 1995 — Ju'ne'1996 Head, Vetennary Pathoblology, School of Veterlnary Medlcme
Purdue Umversrty

July 1993 — June 1995_ Intenm Department Head, Vetennary Pathoblology, School of o

' Veterlnary Medicine, Purdue Umversrty k

July 1987 — June 1995  Acting Director of Contmumg Education, School of Veterlnary
Medicine, Purdue Unrversrty -

July 1987 — July 1989 Director of Research Programs Development School of Veterlnary
Medrcme Purdue Unrversrty - S '

1986 — Present o Dlrector Vetennary Cytology Resource Center Purdue University,

July 1983 — Present Professor of Cllmcal Pathology, School of Vetennary Medicine,
Purdue University ’

July 1979 - July 1987  Co-Director of Clinical Pathology Laboratory, School of Veterinary
Medrcme Purdue Unrversrty »

July 1979 — June 1983  Associate Professor of Clinical Pathology, School of Veterinary
Medicine, Purdue University ‘

Sept. 1977 — July 1979  Clinical Pathologist, Lovelace Inhalation Toxicology Research
Institute, Albuquerque, New Mexico

Jan. 1976 — Aug. 1977  Director of Clinical Pathology Laboratory, School of Veterinary
Medicine, Purdue University '
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Jan. 1976 — Aug. 1977  Assistant Professor of Clinical Pathology, School of Veterina_ry :
Medicine, Purdue University

Sept. 1974 — Dec. 1975 NIH Postdoctoral Fellow. (Ultrastructural studies on cobalt and

: isoproterenol induced cardlomyopathy_ln swme.) School of Veterinary

Medicine, Purdue University, | :

Sept. 1972 — Aug. 1974 Graduate Instructor, Veterinary Pathology, School of Vetermary
Medicine, Purdue Umversuty ‘

May 1973 — Sept. 1973  Staff Veterinarian, Colonial Oaks Animal Hospltal Gamesvnlle Florida

HONORS

Indiana Veterinarian of the Year Award. Presented by the Indiana Veterinary Medlcal
Association, 2002.

The Waltham Award given in recognltlon of outstandlng actlvmes or contnbutlons by a
“Veterinarian that have resulted in the lmprovement of the well- bemg companion animals in
the international vetennary communlty Presented by the Amencan Anlmal Hosplta!
Association, 2001. ' ‘

The Gaines Cycle Fido Award for outstanding contrlbutlons to small ammal medlcme and
surgery. Presented by the American Animal Hospltal Assocnatlon 1994.

Dlstlnguxshed Alumnus Award School of Vetennary Medlcme Purdue University, 1990.

REPRESENTATIVE PUBLICATIONS (more than 115 overall[

1. Herbert R.A. Stegelmeler BS Glllett Rebar AH Carlton W.W. Smgh G., and Hahn,
F.F.: Plutonium-induced prollferatlve lesions and pu/monary eplthellal neopiasms in the
rat: immunohistochemical and ultrastructural ewdence for their orlgm from type Il
pneumocytes. Vet Pathol 31(3):366-374, 1994.

2.  Stegelmeier, B.L., Gillett, N.A., Hahn, F.F., Rebar, A.H., and Kelly, G.: Expressmn of
transforming growth factor alpha and epldermal growth factor receptor in rat lung
neoplasms induced by plutonium-239. Radiat-Res, Nov, 140(2):191-8, 1994.

3. Lipscomb, T.P., Harris, R.K., Rebar, A.H., Ballachey, B.E., and Haebler, R.J.: Pathology
of Sea Otters. In Marine Mammals and the Exxon Valdez Academic Press, San Diego,
CA. 1994,

4. Reagan, W.J. and Rebar, A.H., Platelet Dysfunction. In: Textbook of Vetermary Internal
Medicine." W.B. Saunders Company, Philadelphia, PA. 1994. '

5.  Skowronek, L.A., LaFranco, L., Stone-Marschat, M.A., Burrage, T.G., Rebar, A.H., and
Laegreid, W.W.. Clinical Pathology and Hemostatic Abnonna/n‘les in Expenmental African
Horses:ckness Vet Pathol 32:112-121, 1995
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10.

11.

12.

13.
14.
15.

16.

17.

18.

19.

20.

21.

22.

Rebar, A.H., Lipscomb, T.P., Harris, R.K., and Ballachey, B.E. Clinical and Clinical
Laboratory Correlates in Sea Otters Dying Acutely in Rehabilitation Centers Following the
Exxon Valdez Oil Spill. Vet Pathol 32(4):346-350, 1995.

Rebar, A.H., Metzger, F.: The Veterinary CE Advisor—Clinical pathology for small-animal
practitioners: Interpreting the hemogram. Veterinary Medicine 90(6) (Suppl.):1-12, 1995.
Snipes, M.B., Barnett, Harkema, J.R., Hotchkiss, J.A., Rebar, A.H., Reddick, L.J.:
Specific Biological Effects of an Anti-Rat PMN Antiserum Intraperitoneally Injected into
F344/N Rats. Vet Clin Pathol 24(1), 11-17.1995.

- Rebar, A. H., Thrall, M. A.: -Blood Film Evaluation: - Cytology of Circulating Blood Cells.

Vet Tech 16(9), 578-586, 607, 1995.

Rebar, A.H., Metzger, F.: The Veterinary CE Advisor--Clinical Pathology for Small-animal
Practitioners: Profiling the Urinary System. Vet Med 90(11) (Suppl.):1-16; 1995. = -
Christian, J.A., Rebar, A.H., Boon, G.D., Low, P.S. Methodological considerations for the
use of canine in vivo aged biotinylated erythrocytes to study RBC senescence.

Experimental Hematology 24(1):82-8,'1996 Jan.

Rebar, A.H., Metzger, , F.: The Veterinary CE Advisor--Clinical Pathology for Small-
animal Practitioners: Laboratory Evaluation of the Liver. Vet Med 91(9) (Suppl.):1-
12;1996 ~ e R ’ ,
Rebar, A.H., Section Editor, Hematology and Immunology. In: The 5 Minute Veterinary
Consult, Tilley, L., and Smith, F., ed., Williams and Wilkins, Media; PA. 1997.

Rebar, A.H., Metabolic Anemias (Anemias with Spiculated Red Cells). In: The 5 Minute
Veterinary Consult, Tilley, L., and Smith, F., ed., Williams and Wilkins, Media, PA. 1997.
Christian, J.A., Rebar, A.H., Anemia, Regenerative. In: The 5 Minute Veterinary Consult,
Tilley, L., and Smith, F., ed., Williams and Wilkins, Media, PA. 1997.

Rebar, A.H., Anemia, Nuclear Maturation Defect (Anemia, Megaloblastic). In: The 5

Minute Veterinary Consult, Tilly, L., and Smith, F., ed., Williams and Wilkins, Media, PA.
1997. » . ‘ v

Rebar, A.H., Hemogram Interpretation for-Dogs and Cats, Ralston Purina Company, St.
Louis, MO, The Gloyd Group, Inc., 1998. ~ j o

Rebar, A.H., Boon, G.D., and Christian, J.A., Biochemical Profiling in the Dog and Cat. A
Case. Oriented Approach. . Ralston Purina Company, St. Louis, MO, The Gloyd Group, Inc.
1999. ' ) :

Rebar, A.H., MacWilliams, P.S., Feldman, B.F., Metzger, F.L., Pollock, R.V.H., Roche, J.,

- A Guide to Hematology in Dogs and Cats. Teton NewMedia, Jackson, WY. 2002.

Giger, U., Rebar, A.H., Feldman, B.F., Using White Blood Cell Information More
Effectively: A Logical Approach as part of Hematology Symposium. A Supplement to

- Compendium on Continuing Education for the Practicing Veterinarian, Vol. 25, No. 9(A),

September 2003.

Thrall, M.A., Baker, D.C., Campbell, T.W., DeNicola, D., Fettman, M.J., Lassen, E.D.,
Rebar, A.H., Weiser, G., Hematology and Clinical Chemistry, Lippincott Williams &
Wilkins, Baltimore, MD, 2004.. ’ '

Thrall, M.A., Baker, D.C., Campbell, T.W., DeNicola, D., Fettman, M.J., Lassen, E.D.,
Rebar, A.H., Weiser, G_, Clinical Case Presentations for Veterinary Heamtology and
Clinical Chemistry, Lippincott Williams & Wilkins, Baltimore, MD, 2005.
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APPENDIX 6.4

GRANT NUMBER:

~ BIOGRAPHICAL SKETCH

Prowde the following information for all new key. personnel
Copy this page for each person.

NAME POSITION TITLE

Philip J. Bergman, DVM, MS, PhD, DACVIM : | Head, Donaldson-Atwood Cancer Clinic

EDUCATION/TRAINING o ' ' ‘
INSTITUTION AND LOCATION | DEGREE YEAR(s) | FIELD‘OF STUDY

University of Arizona - Tucson, AZ N Undergrad : Microbidlo'gy ‘ ‘

Colorado State Umversuty Fort Colllns CO DVM,BS | 1986-1990 | Veterinary Medicine

Kansas State Un:versrty Manhattan, KS 1990-1991 | Small Animal Intern

Colorado State University --Fort Collins, CO MS | 1991-1994 . | Oncology Residency

M.D. Anderson CénCer Center -‘»Houston,”TX PhD . | 1994-1999 | Cancer Biology -

Professmnal Posiuons SO © :

1990-1991 "~ Rotating Small Animal Intern, Kanhsas State University, Manhattan KS

1990-1994 Comparative Oncology Resudency, Colorado State University, Fort Collins, CO

1994-1999 Cancer Biology Fellow, M.D. Anderson Cancer Center, Houston, TX

1994-1997 Staff Oncologist, Gulf Coast Veterinary Specialists, Houston, TX

1996-1999 - American Cancer Society Physician Research Training Fellow, M.D. Anderson Cancer Center,

Houston

1998-2000 Chair, ACVIM Forum, Oncology Subspecnalty

1999-Present Head, Donaldson-Atwood Cancer Clinic, The Animal Medical Center, New York, NY

2000-2002 Presrdent Elect, Veterinary Cancer Society

2001-Present
2002-Present
Cancer Institute
2002-2004

Director, Flaherty Comparative Oncology Laboratory
Adjunct Associate Faculty Member, Memorial Sloan- Kettenng Cancer Center & Sloan-Kettering

President, Veterinary Cancer Society

Honors and Awards

1989
1990
1993

1999 .

1997 & 1998
1996 — 1999

2001
2001
2002

2003

R. Barry Prynn Memonal Scholarshlp For excellence in neurology.

AAHA Senior Student Award. For excellence in small animal medicine and surgery.

William K. Riddell Memorial Scholarship. For imminent success & broad impact in the biomedical
research field.

R.E. "Bob" Smith Fellow, Departient of Cell Biology, M.D. Anderson Cancer Center.

" AACR Symposium, Molecular Biology in Clinical Oncology. Invited Participant (Aspen, CO).

UT-Houston Graduate School of Biomedical Sciences Travel Award

" American Cancer Society Physician Research Training Fellowship (PRTA #40)

AACR Clinical Trials Symposium. Invited participant (Vail, CO)
Jean Holzworth Keynote Address, Angell Memorial Animal Hospital

" Japanese Veterinary Cancer Somety Keynote Address

Adjunct Associate Faculty, Memorial Sloan-Kettering Cancer Center & Sloan-Kettering Cancer

Institute
World Small Animal Veterinary Association Hil’'s Award for Excellence in Veterinary Healthcare
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